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This section contains information concerning BASINS Nonpoint Source Model data.  

Section B.1 contains an HSPF data dictionary that  can be used as an aid in populating an NPSM
default data set.  The HSPF data dictionary is a list of all HSPF input parameters and their
corresponding definitions, units, default values, and minimum and maximum acceptable values.  

Section B.2 contains information concerning the BASINS Watershed Data Management (WDM)
files, which contain meteorological time series data for NPSM.  The section presents procedures for
developing WDM files, as well as a record of procedures followed to develop the WDM files
packaged with the BASINS system.
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The following data dictionary has been adapted from Hydrological Simulation Program—FORTRAN User's
Manual for Release 11.0 (Bicknell, et al., 1996). The data table presents input parameter names, definitions,
units, default values, and minimum and maximum acceptable values. The table is divided into three major
parts, corresponding to the three HSPF application modules:

• PERLND simulation of a pervious land segment (Table B.1.1)

• IMPLND simulation of an impervious land segment (Table B.1.2)

• RCHRES simulation of a river/reservoir reach (Table B.1.3)

Each module is made up of model sections (corresponding with specific HSPF functions), each section
containing multiple input data tables.  The data table names correspond with both HSPF data tables and the
NPSM data editor hierarchy.
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9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

$7(03

�&RUUHFW $LU 7HPSHUDWXUH IRU (OHYDWLRQ 'LIIHUHQFH�

$7(03�'$7

(/'$7 HOHYDWLRQ GLIIHUHQFH EHWZHHQ WHPSHUDWXUH JDJH DQG

SHUYLRXV ODQG VHJPHQW �3/6�

��� IW

��� P

QRQH

QRQH

QRQH

QRQH

$,5703 ,QLWLDO DLU WHPSHUDWXUH DERYH 3/6 �� )

�� &

���

���

���

��

612:

�6LPXODWH $FFXPXODWLRQ DQG 0HOWLQJ RI 6QRZ DQG ,FH�

612: � 3$50�

/$7 ODWLWXGH �� LQ QRUWKHUQ KHPLVSKHUH� � LQ VRXWKHUQ� �� ��� ��

0(/(9 PHDQ HOHYDWLRQ ��� IW

��� P

���

���

�������

�������

6+$'( IUDFWLRQ RI 3/6 FRYHUHG E\ VKDGH �YHJHWDWLRQ� ��� ��� ���

612:&) FRUUHFWLRQ IDFWRU WR DFFRXQW IRU SRRU FDWFK HIILFLHQF\ RI

WKH JDJH

QRQH ��� �����

&29,1' PD[LPXP SDFN �ZDWHU HTXLYDOHQW� DW ZKLFK HQWLUH 3/6

ZLOO EH FRYHUHG ZLWK VQRZ

QRQH LQ

QRQH PP

����

����

QRQH

QRQH

612: � 3$50�

5'&61 GHQVLW\ RI FROG �� � GHJ� )�� QHZ VQRZ UHODWLYH WR ZDWHU ���� ���� ���

7612: EDVHOLQH DLU WHPS� EHORZ ZKLFK SUHFLSLWDWLRQ ZLOO EH

VQRZ

���� )

��� &

����

����

����

���

612(93 DGDSWV WKH VQRZ HYDSRUDWLRQ �VXEOLPDWLRQ� HTXDWLRQ WR

ILHOG FRQGLWLRQV

��� ��� ���

&&)$&7 DGDSWV WKH VQRZ FRQGHQVDWLRQ�FRQYHFWLRQ PHOW

HTXDWLRQ WR ILHOG FRQGLWLRQV

��� ��� ���

0:$7(5 PD[LPXP OLTXLG ZDWHU FRQWHQW RI WKH VQRZ SDFN� LQ

GHSWK ZDWHU SHU GHSWK ZDWHU HTXLY�

���� ��� ���

0*0(/7 PD[� UDWH RI VQRZPHOW E\ JURXQG KHDW� LQ GHSWK RI ZDWHU

HTLY SHU GD\�

���� LQ�GD\

���� PP�GD\

���

���

���

����

612: � ,1,7�

3DFN�VQRZ TXDQWLW\ RI VQRZ LQ WKH SDFN �ZDWHU HTXLY�� ��� LQ

��� PP

���

���

QRQH

QRQH

3DFN�LFH TXDQWLW\ RI LFH LQ WKH SDFN �ZDWHU HTXLY�� ��� LQ

��� PP

���

���

QRQH

QRQH

3DFN�ZDWHU TXDQWLW\ RI OLTXLG ZDWHU LQ WKH SDFN ��� LQ

��� PP

���

���

QRQH

QRQH

5'(13) GHQVLW\ RI WKH SDFN� UHODWLYH WR ZDWHU ��� ���� ���

'8// LQGH[ WR WKH GXOOQHVV RI WKH SDFN VXUIDFH� IURP ZKLFK

DOEHGR LV HVWLPDWHG

����� ��� �����

3$.703 PHDQ WHPS� RI WKH IUR]HQ FRQWHQWV RI WKH SDFN ���� )

��� &

QRQH

QRQH

����

���

3$&.) IUR]HQ FRQWHQWV RI WKH SDFN
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9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

612: � ,1,7�

&29,1; LQGH[ WR DUHDO VQRZ FRYHUDJH ���� LQ

���� PP

����

����

QRQH

QRQH

;/10/7 FXUUHQW UHPDLQLQJ SRVVLEOH LQFUHPHQW WR WKH LFH

VWRUDJH LQ WKH SDFN� ,W LV RQO\ UHOHYDQW LI LFH IRUPDWLRQ

LV VLPXODWHG

��� LQ

��� PP

���

���

QRQH

QRQH

6.<&/5 IUDFWLRQ RI VN\ ZKLFK LV DVVXPHG WR EH FOHDU ��� ���� ���

3:$7(5

�6LPXODWH :DWHU %XGJHW IRU D 3HUYLRXV /DQG 6HJPHQW >3/6@�

3:$7 ² 3$50�

&612)* IODJ IRU VLPXODWLQJ VQRZ � � �

5723)* IODJ IRU RYHUODQG IORZ URXWLQJ PHWKRG � � �

8=)* IODJ IRU XSSHU ]RQH LQIORZ FRPSXWDWLRQ PHWKRG � � �

9&6)* IODJ IRU LQWHUFHSWLRQ VWRUDJH FDSDFLW\ � � �

98=)* IODJ IRU XSSHU ]RQH QRPLQDO VWRUDJH � � �

911)* IODJ IRU 0DQQLQJ·V Q IRU RYHUODQG IORZ SODQH � � �

9,):)* IODJ IRU LQWHUIORZ LQIORZ SDUDPHWHU � � �

9,5&)* IODJ IRU ,QWHUIORZ UHFHVVLRQ FRQVWDQW � � �

9/()* IODJ IRU ORZHU ]RQH (�7 SDUDPHWHU � � �

3:$7 � 3$50�

)25(67 )UDFWLRQ RI WKH 3/6 ZKLFK LV FRYHUHG E\ IRUHVW ZKLFK

ZLOO FRQWLQXH WR WUDQVSLUH LQ ZLQWHU� 2QO\ XVH ZKHQ

&612)*  � �L�H� VQRZ EHLQJ VLPXODWHG�

��� ��� ���

/=61 ORZHU ]RQH QRPLQDO VWRUDJH QRQH LQ

QRQH PP

����

����

�����

������

,1),/7 LQGH[ WR WKH LQILOWUDWLRQ FDSDFLW\ RI WKH VRLO QRQH LQ�KU

QRQH PP�KU

������

������

�����

������

/685 OHQJWK RI WKH DVVXPHG RYHUODQG IORZ SODQH QRQH IW

QRQH P

���

���

QRQH

QRQH

6/685 VORSH QRQH ��������� ����

.9$5< SDUDPHWHU ZKLFK DIIHFWV WKH EHKDYLRU RI JURXQGZDWHU

UHFHVVLRQ IORZ� HQDEOLQJ LW WR EH QRQH[SRQHQWLDO LQ LWV

GHFD\ ZLWK WLPH

��� ���LQ�

��� ���PP�

���

���

QRQH

QRQH

$*:5& EDVLF JURXQGZDWHU UHFHVVLRQ UDWH LI .9$5< LV ]HUR

DQG WKHUH LV QR LQIORZ WR JURXQGZDWHU

1RQH ��GD\ ����� �����

3:$7 � 3$50�

3(70$; DLU WHPS� EHORZ ZKLFK (�7 ZLOO DUELWUDULO\ EH UHGXFHG

EHORZ WKH YDOXH REWDLQHG IURP WKH LQSXW WLPH VHULHV

�RQO\ ZKHQ &612)*  ��

���� )

��� &

QRQH

QRQH

QRQH

QRQH

3(70,1 WHPS� EHORZ ZKLFK (�7 ZLOO EH ]HUR UHJDUGOHVV RI WKH

YDOXH LQ WKH LQSXW WLPH VHULHV �RQO\ ZKHQ &612)*  

��

���� )

��� &

QRQH

QRQH

QRQH

QRQH
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,1)(;3 H[SRQHQW LQ WKH LQILOWUDWLRQ HTXDWLRQ ��� ��� ����

,1),/' UDWLR EHWZHHQ WKH PD[ DQG PHDQ LQILOWUDWLRQ

FDSDFLWLHV RYHU WKH 3/6

��� ��� ���

'((3)5 IUDFWLRQ RI JURXQGZDWHU LQIORZ ZKLFK ZLOO HQWHU GHHS

�LQDFWLYH� JURXQGZDWHU DQG EH ORVW

��� ��� ���

%$6(73 IUDFWLRQ RI SRWHQWLDO (�7 ZKLFK FDQ EH VDWLVILHG IURP

EDVHIORZ �JURXQGZDWHU RXWIORZ�

��� ��� ���

$*:(73 IUDFWLRQ RI UHPDLQLQJ SRWHQWLDO (�7 ZKLFK FDQ EH

VDWLVILHG IURP DFWLYH JURXQGZDWHU VWRUDJH LI HQRXJK LV

DYDLODEOH

��� ��� ���

3:$7 � 3$50�

&(36& LQWHUFHSWLRQ VWRUDJH FDSDFLW\ ��� LQ

��� PP

���

���

����

�����

8=61 XSSHU ]RQH QRPLQDO VWRUDJH QRQH LQ

QRQH PP

����

����

����

�����

1685 0DQQLQJ�V Q IRU WKH DVVXPHG RYHUODQG IORZ SODQH ��� ����� ���

,17): LQWHUIORZ LQIORZ SDUDPHWHU QRQH ��� QRQH

,5& LQWHUIORZ UHFHVVLRQ SDUDPHWHU� QRQH ��GD\ ���(��� �����

/=(73 ORZHU ]RQH (�7 SDUDPHWHU� ,W LV DQ LQGH[ WR WKH

GHQVLW\ RI GHHS�URRWHG YHJHWDWLRQ

��� ��� �����

021 � ,17(5&(3

&(36&0���� PRQWKO\ YDOXHV RI LQWHUFHSWLRQ VWRUDJH� 2QO\ UHTXLUHG

LI 9&6)*  �� 7KH YDOXHV DSSO\ WR WKH ILUVW GD\ RI WKH

PRQWK�

��� LQ

��� PP

���

���

����

�����

021 � 8=61

8=610���� PRQWKO\ YDOXHV RI XSSHU ]RQH QRPLQDO VWRUDJH� 2QO\

UHTXLUHG LI 98=)*  �

QRQH LQ

QRQH PP

����

����

����

�����

021 � 0$11,1*

16850���� PRQWKO\ YDOXHV RI 0DQQLQJ�V FRQVWDQW IRU RYHUODQG

IORZ� 2QO\ UHTXLUHG LI 911)*  �

���� ����� ���

021 ²,17(5)/:

,17):0���� PRQWKO\ YDOXHV RI WKH LQWHUIORZ LQIORZ SDUDPHWHU�

2QO\ UHTXLUHG LI 9,):)*  �

QRQH ��� QRQH

021 ² ,5&

,5&0���� PRQWKO\ YDOXHV RI WKH LQWHUIORZ UHFHVVLRQ SDUDPHWHU�

2QO\ UHTXLUHG LI 9,5&)*  �

QRQH ��GD\ ���(��� �����

021 �/=(73$50

/=(730���� PRQWKO\ YDOXHV RI WKH ORZHU ]RQH (7 SDUDPHWHU� 2QO\

UHTXLUHG LI 9/()*  �

��� ��� �����

3:$7 � 67$7(�

&(36 LQWHUFHSWLRQ VWRUDJH ��� LQ

��� PP

���

���

���

����

6856 VXUIDFH �RYHUODQG IORZ� VWRUDJH ��� LQ ��� ���
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9DOXH

0D[LPXP

9DOXH

��� PP ��� ����

8=6 IODJ IRU XSSHU ]RQH VWRUDJH ����� LQ

����� PP

�����

�����

���

����

,):6 LQWHUIORZ VWRUDJH ��� LQ

��� PP

���

���

���

����

/=6 ORZHU ]RQH VWRUDJH ����� LQ

����� PP

�����

�����

���

����

$*:6 DFWLYH JURXQGZDWHU VWRUDJH ��� PP

��� LQ

���

���

���

����

*:96 LQGH[ WR JURXQGZDWHU VORSH� PHDVXUH RI DQWHFHGHQW

DFWLYH JURXQGZDWHU LQIORZ

��� LQ

��� PP

���

���

���

����

6('017

�3URGXFWLRQ DQG 5HPRYDO RI 6HGLPHQW LQ 3HUYLRXV /DQG�

6(' ² 3$50�

&59)* IODJ IRU HURVLRQ UHODWHG FRYHU � � �

96,9)* $WPRVSKHULF GHSRVLWLRQ UDWH � � �

6'23)* IODJ WKDW GHWHUPLQHV WKH DOJRULWKP XVHG WR VLPXODWH

UHPRYDO RI VHGLPHQW IURP ODQG VXUIDFH

� � �

6(' � 3$50�

603) VXSSRUWLQJ PDQDJHPHQW SUDFWLFH IDFWRU� ,W LV XVHG WR

VLPXODWH WKH UHGXFWLRQ LQ HURVLRQ DFKLHYHG E\ XVH RI

HURVLRQ FRQWURO SUDFWLFHV�

��� ����� ���

.5(5 FRHIILFLHQW LQ WKH VRLO GHWDFKPHQW HTXDWLRQ ��� ��� QRQH

-5(5 H[SRQHQW LQ WKH VRLO GHWDFKPHQW HTXDWLRQ QRQH QRQH QRQH

$)),; IUDFWLRQ E\ ZKLFK GHWDFKHG VHGLPHQW VWRUDJH

GHFUHDVHV HDFK GD\� DV D UHVXOW RI VRLO FRPSDFWLRQ

��� ���GD\� ��� ���

&29(5 IUDFWLRQ RI ODQG VXUIDFH ZKLFK LV VKLHOGHG IURP

HURVLRQ E\ UDLQIDOO �QRW FRQVLGHULQJ VQRZ FRYHU�

��� ��� ���

196, UDWH DW ZKLFK VHGLPHQW HQWHUV GHWDFKHG VWRUDJH IURP

WKH DWPRVSKHUH� $ QHJDWLYH YDOXH FDQ EH XVHG WR

VLPXODWH UHPRYDO

��� OE�DF�GD\

��� NJ�KD�GD\

QRQH

QRQH

QRQH

QRQH

6(' � 3$50�

.6(5 FRHIILFLHQW LQ WKH GHWDFKHG VHGLPHQW ZDVKRII

HTXDWLRQ

��� ��� QRQH

-6(5 H[SRQHQW LQ WKH GHWDFKHG VHGLPHQW ZDVKRII HTXDWLRQ QRQH QRQH QRQH

.*(5 FRHIILFLHQW LQ WKH PDWUL[ VRLO VFRXU HTXDWLRQ

�VLPXODWHV JXOO\ HURVLRQ� HWF��

��� ��� QRQH

-*(5 H[SRQHQW LQ WKH PDWUL[ VRLO VFRXU HTXDWLRQ QRQH QRQH QRQH

021 � &29(5

&29(50���� PRQWKO\ YDOXHV RI WKH &29(5 SDUDPHWHU� 2QO\

UHTXLUHG LI &59)*  �

��� ��� ���

021 ² 196,
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9DOXH
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196,0���� PRQWKO\ YDOXHV RI WKH QHW YHUWLFDO VHGLPHQW LQSXW�

2QO\ UHTXLUHG LI 96,)*!�

��� OE�DF�GD\

��� NJ�KD�GD\

QRQH

QRQH

QRQH

QRQH

6(' ² 6725

'(76 LQLWLDO VWRUDJH RI GHWDFKHG VHGLPHQW WRQV�DF

��� WRQQHV�KD

���

���

QRQH

QRQH

367(03

�6LPXODWLRQ RI 6RLO 7HPSHUDWXUH�

367(03 ² 3$50�

6/79)* IODJ IRU VXUIDFH WHPSHUDWXUH DQG JUDGLHQW � � �

8/79)* IODJ IRU XSSHU OD\HU WHPSHUDWXUH DQG JUDGLHQW � � �

/*79)* IODJ IRU ORZHU OD\HU DQG *�:� WHPSHUDWXUH DQG

JUDGLHQW

� � �

7623)* IODJ IRU VXEVXUIDFH VRLO WHPSHUDWXUH FDOFXODWLRQ � � �

367(03 ² 3$50�

$6/7 VXUIDFH OD\HU WHPSHUDWXUH� ZKHQ WKH DLU WHPSHUDWXUH

LV �� GHJUHHV )� ,W LV WKH LQWHUFHSW RI WKH VXUIDFH

OD\HU WHPSHUDWXUH UHJUHVVLRQ

���� )

��� &

���

�����

�����

����

%6/7 VORSH RI WKH VXUIDFH OD\HU WHPSHUDWXUH UHJUHVVLRQ

HTXDWLRQ

��� )�)

��� &�&

�����

�����

���

���

)25 7623)*  � RU �

8/73� VPRRWKLQJ IDFWRU LQ XSSHU OD\HU WHPSHUDWXUH

FDOFXODWLRQ

QRQH QRQH QRQH

8/73� PHDQ GLIIHUHQFH EHWZHHQ XSSHU OD\HU VRLO

WHPSHUDWXUH DQG DLU WHPSHUDWXUH

QRQH )

QRQH &

QRQH

QRQH

QRQH

QRQH

/*73� VPRRWKLQJ IDFWRU IRU FDOFXODWLQJ ORZHU OD\HU�

JURXQGZDWHU VRLO WHPSHUDWXUH

QRQH QRQH QRQH

/*73� PHDQ GHSDUWXUH IURP WKH XSSHU OD\HU VRLO

WHPSHUDWXUH IRU FDOFXODWLQJ ORZHU OD\HU�JURXQGZDWHU

VRLO WHPSHUDWXUH

QRQH )

QRQH &

QRQH

QRQH

QRQH

QRQH

)25 7623)*  �

8/73� LQWHUFHSW LQ WKH XSSHU OD\HU VRLO WHPSHUDWXUH

UHJUHVVLRQ HTXDWLRQ
QRQH )

QRQH &

QRQH

QRQH

QRQH

QRQH

8/73� VORSH LQ WKH XSSHU OD\HU VRLO WHPSHUDWXUH UHJUHVVLRQ

HTXDWLRQ
QRQH )�)

QRQH &�&

QRQH

QRQH

QRQH

QRQH

/*73� ORZHU OD\HU�JURXQGZDWHU OD\HU VRLO WHPSHUDWXUH QRQH )

QRQH &

QRQH

QRQH

QRQH

QRQH

/*73� QRW XVHG QRQH QRQH QRQH

021 ² $6/7

$6/70���� PRQWKO\ VXUIDFH OD\HU WHPSHUDWXUH ZKHQ DLU LV ��

GHJUHHV )� 2QO\ UHTXLUHG LI 6/79)*  �

���� )

��� &

���

�����

�����

����

021 ² %6/7

%6/70���� PRQWKO\ VORSH RI VXUIDFH OD\HU WHPSHUDWXUH

UHJUHVVLRQ HTXDWLRQ� 2QO\ UHTXLUHG LI 6/79)*  �

��� )�)

��� &�&

�����

�����

���

���
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021 � 8/73�

8/73�0���� PRQWKO\ SDUDPHWHU IRU HVWLPDWLQJ XSSHU OD\HU

WHPSHUDWXUH� 2QO\ UHTXLUHG LI 8/79)*  � �VHH

8/73� IRU XQLWV�

QRQH

QRQH

QRQH

QRQH

QRQH

QRQH

021 � 8/73�

8/73�0���� PRQWKO\ SDUDPHWHU IRU HVWLPDWLQJ XSSHU OD\HU

WHPSHUDWXUH� 2QO\ UHTXLUHG LI 8/79)*  � �VHH

8/73� IRU XQLWV�

QRQH

QRQH

QRQH

QRQH

QRQH

QRQH

021 � /*73�

/*73�0���� PRQWKO\ SDUDPHWHU IRU HVWLPDWLQJ ORZHU OD\HU DQG

DFWLYH JURXQGZDWHU OD\HU WHPSHUDWXUH FDOFXODWLRQV�

2QO\ UHTXLUHG LI /*79)*  � �VHH /*73� IRU XQLWV�

QRQH

QRQH

QRQH

QRQH

QRQH

QRQH

021 � /*73�

/*73�0���� PRQWKO\ SDUDPHWHU IRU HVWLPDWLQJ ORZHU OD\HU DQG

DFWLYH JURXQGZDWHU OD\HU WHPSHUDWXUH FDOFXODWLRQV�

2QO\ UHTXLUHG LI /*79)*  � �VHH /*73� IRU XQLWV�

QRQH

QRQH

QRQH

QRQH

QRQH

QRQH

367(03 ² 7(036

$,57& DLU WHPSHUDWXUH ���� )

���� &

�����

�����

�����

����

6/703 VXUIDFH OD\HU VRLO WHPSHUDWXUH ���� )

���� &

�����

�����

�����

����

8/703 XSSHU OD\HU VRLO WHPSHUDWXUH ���� )

���� &

�����

�����

�����

����

/*703 ORZHU OD\HU�JURXQGZDWHU OD\HU VRLO WHPSHUDWXUH ���� )

���� &

�����

�����

�����

����

3:7*$6

3:7 � 3$50�

,'9)* IODJ IRU LQWHUIORZ GLVVROYHG R[\JHQ FRQFHQWUDWLRQ � � �

,&9)* IODJ IRU LQWHUIORZ &2� FRQFHQWUDWLRQ � � �

*'9)* IODJ IRU JURXQGZDWHU GLVVROYHG R[\JHQ FRQFHQWUDWLRQ � � �

*&9)* IODJ IRU JURXQGZDWHU &2� FRQFHQWUDWLRQ � � �

3:7 � 3$50�

(/(9 HOHYDWLRQ RI WKH 3/6 DERYH VHD OHYHO �XVHG WR DGMXVW

VDWXUDWLRQ FRQFHQWUDWLRQV RI GLVVROYHG JDVVHV LQ

VXUIDFH RXWIORZ�

��� IW

��� P

�������

������

�������

������

,'2;3 FRQFHQWUDWLRQ RI GLVVROYHG R[\JHQ LQ LQWHUIORZ RXWIORZ ��� PJ�O ��� ����

,&2�3 FRQFHQWUDWLRQ RI GLVVROYHG &2� LQ LQWHUIORZ RXWIORZ ��� PJ F�O ��� ���

$'2;3 FRQFHQWUDWLRQ RI GLVVROYHG R[\JHQ LQ DFWLYH

JURXQGZDWHU RXWIORZ

��� PJ�O ��� ����

$&2�3 FRQFHQWUDWLRQ RI GLVVROYHG &2� LQ DFWLYH JURXQGZDWHU

RXWIORZ

��� PJ F�O ��� ���

021 ² ,):'2;

,'2;30���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI '2 LQ

LQWHUIORZ RXWIORZ �RQO\ UHTXLUHG LI ,'9)*  ��

��� PJ�O ��� ����



%$6,16 9HUVLRQ ���

%����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

021 � ,):&2�

,&2�30���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI GLVVROYHG

&2� LQ LQWHUIORZ RXWIORZ �RQO\ UHTXLUHG LI ,&9)*  ��

��� PJ F�O ��� ���

021 ² *51''2;

$'2;30���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI '2 LQ DFWLYH

JURXQGZDWHU RXWIORZ �RQO\ UHTXLUHG LI *'9)*  ��

��� PJ�O ��� ����

021 � *51'&2�

$&2�30���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI GLVVROYHG

&2� LQ DFWLYH JURXQGZDWHU RXWIORZ �RQO\ UHTXLUHG LI

*&9)*  ��

��� PJ F�O ��� ���

3:7 ² 7(036

62703 LQLWLDO VXUIDFH RXWIORZ WHPSHUDWXUH ���� )

���� &

����

���

�����

����

,2703 LQLWLDO LQWHUIORZ RXWIORZ WHPSHUDWXUH ���� )

���� &

����

���

�����

����

$2703 LQLWLDO DFWLYH JURXQGZDWHU RXWIORZ WHPSHUDWXUH ���� )

���� &

����

���

�����

����

3:7 ² *$6(6

62'2; '2 FRQFHQWUDWLRQ LQ VXUIDFH RXWIORZ ��� PJ�O ��� ����

62&2� &2� FRQFHQWUDWLRQ LQ VXUIDFH RXWIORZ ��� PJ F�O ��� ���

,2'2; '2 FRQFHQWUDWLRQ LQ LQWHUIORZ RXWIORZ ��� PJ�O ��� ����

,2&2� &2� FRQFHQWUDWLRQ LQ LQWHUIORZ RXWIORZ ��� PJ F�O ��� ���

$2'2; '2 FRQFHQWUDWLRQ LQ DFWLYH JURXQGZDWHU RXWIORZ ��� PJ�O ��� ����

$2&2� &2� FRQFHQWUDWLRQ LQ DFWLYH JURXQGZDWHU RXWIORZ ��� PJ F�O ��� ���

348$/

48$/ ² 35236

46')* VHGLPHQW DVVRFLDWHG FRQVWLWXHQW IODJ � � �

93):)* IODJ IRU ZDVKRII SRWHQF\ IDFWRU � � �

93)6)* IODJ IRU VFRXU SRWHQF\ IDFWRU � � �

462)* RYHUODQG IORZ DVVRFLDWHG FRQVWLWXHQW IODJ � � �

942)* IODJ IRU DFFXPXODWLRQ DQG OLPLWLQJ VWRUDJH IDFWRU � � �

4,):)* LQWHUIORZ DVVRFLDWHG FRQVWLWXHQW IODJ � � �

9,4&)* IODJ IRU LQWHUIORZ RXWIORZ FRQFHQWUDWLRQ � � �

4$*:)* JURXQGZDWHU DVVRFLDWHG FRQVWLWXHQW IODJ � � �

9$4&)* IODJ IRU JURXQGZDWHU RXWIORZ FRQFHQWUDWLRQ � � �

48$/ ² ,1387

642 LQLWLDO VWRUDJH RI �VHGLPHQW DVVRFLDWHG FRQVWLWXHQW�

48$/2) RQ WKH VXUIDFH RI WKH 3/6

��� TW\�DF

��� TW\�KD

���

���

QRQH

QRQH

327): ZDVKRII SRWHQF\ IDFWRU ��� TW\�WRQ

��� TW\�WRQQH

���

���

QRQH

QRQH



%�� +63) 'DWD 'LFWLRQDU\

%����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

327)6 VFRXU SRWHQF\ IDFWRU ��� TW\�WRQ

��� TW\�WRQQH

���

���

QRQH

QRQH

$&423 UDWH RI DFFXPXODWLRQ RI 48$/2) ��� TW\�DF�GD\

��� TW\�KD�GD\

���

���

QRQH

QRQH

642/,0 PD[LPXP VWRUDJH RI 48$/2) �������� TW\�DF

�������� TW\�KD

��������

��������

QRQH

QRQH

:6423 UDWH RI VXUIDFH UXQRII ZKLFK ZLOO UHPRYH �� SHUFHQW

RI VWRUHG 48$/2) SHU KRXU

���� LQ�KU

���� PP�KU

����

����

QRQH

QRQH

,24& FRQFHQWUDWLRQ RI WKH FRQVWLWXHQW LQ LQWHUIORZ RXWIORZ

�RQO\ LI 4,):)*  ��

��� TW\�IW�

��� TW\�O

���

���

QRQH

QRQH

$24& FRQFHQWUDWLRQ RI WKH FRQVWLWXHQW LQ DFWLYH �RQO\ LI

4$*:)*  �� JURXQGZDWHU RXWIORZ

��� TW\�IW�

��� TW\�O

���

���

QRQH

QRQH

021 ² 327):

327):0���� PRQWKO\ SDUDPHWHU IRU ZDVKRII SRWHQF\ IDFWRU� 2QO\

UHTXLUHG LI 93):)* ! �

��� TW\�WRQ

��� TW\�WRQQH

���

���

QRQH

QRQH

021 ² 327)6

327)60���� PRQWKO\ SDUDPHWHU IRU VFRXU SRWHQF\ IDFWRU� 2QO\

UHTXLUHG LI 93)6)*  �

��� TW\�WRQ

��� TW\�WRQQH

���

���

QRQH

QRQH

021 ² $&&80

$&4230���� PRQWO\ SDUDPHWHU IRU UDWH RI DFFXPXODWLRQ RI

48$/2)� 2QO\ UHTXLUHG LI 942)*  �

��� TW\�DF�GD\

��� TW\�KD�GD\

���

���

QRQH

QRQH

021 ² 642/,0

642/,0���� PRQWKO\ SDUDPHWHU IRU PD[LPXP VWRUDJH RI 48$/2)�

2QO\ UHTXLUHG LI 942)*  �

�� � (�� TW\�DF

��� (�� TW\�KD

��� (��

��� (��

QRQH

QRQH

021 � ,)/: ² &21&

,24&0���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI 48$/ LQ

LQWHUIORZ� 2QO\ UHTXLUHG LI 9,4&)* ! �

��� TW\�IW�

��� TW\�O

���

���

QRQH

QRQH

021 � *51' ² &21&

$24&0���� PRQWKO\ SDUDPHWHU IRU FRQFHQWUDWLRQ RI 48$/ LQ

JURXQGZDWHU� 2QO\ UHTXLUHG LI 9$4&)* ! �

��� TW\�IW�

��� TW\�O

���

���

QRQH

QRQH

067/$<

8=61 ² /=61

8=61 QRPLQDO XSSHU ]RQH VWRUDJH QRQH LQ

QRQH PP

����

����

����

�����

/=61 QRPLQDO ORZHU ]RQH VWRUDJH QRQH LQ

QRQH PP

����

����

�����

������

6856 LQLWLDO VXUIDFH GHWHQWLRQ VWRUDJH ����� LQ

����� PP

�����

�����

�����

������

067 ² 3$50

6/03) IDFWRU WR DGMXVW VROXWH SHUFRODWLRQ UDWHV IURP WKH

VXUIDFH OD\HU VWRUDJH WR WKH XSSHU OD\HU SULQFLSDO

VWRUDJH�

��� ����� ���



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

8/3) IDFWRU WR DGMXVW VROXWH SHUFRODWLRQ UDWHV IURP WKH

XSSHU OD\HU SULQFLSDO VWRUDJH WR WKH ORZHU OD\HU

VWRUDJH�

��� ��� ����

//3) IDFWRU WR DGMXVW VROXWH SHUFRODWLRQ UDWHV IURP WKH

ORZHU OD\HU VWRUDJH WR WKH DFWLYH DQG LQDFWLYH

JURXQGZDWHU�

��� ��� ����

067 ² 7236725

60670 LQLWLDO PRLVWXUH FRQWHQW LQ WKH VXUIDFH VWRUDJH ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

80670 LQLWLDO PRLVWXUH FRQWHQW LQ WKH XSSHU SULQFLSDO VWRUDJH ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

,0670 LQLWLDO PRLVWXUH FRQWHQW LQ WKH XSSHU WUDQVLWRU\

�LQWHUIORZ� VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

067 ² 723)/;

)62 LQLWLDO YDOXH RI WKH IUDFWLRQDO IOX[HV RI VROXEOH

FKHPLFDOV WKURXJK WKH WRSVRLO OD\HUV RI D 3/6

��� ��LQWHUYDO ��� ���

)63 LQLWLDO YDOXH RI WKH IUDFWLRQDO IOX[HV RI VROXEOH

FKHPLFDOV WKURXJK WKH WRSVRLO OD\HUV RI D 3/6

��� ��LQWHUYDO ��� ���

),, LQLWLDO YDOXH RI WKH IUDFWLRQDO IOX[HV RI VROXEOH

FKHPLFDOV WKURXJK WKH WRSVRLO OD\HUV RI D 3/6

��� ��LQWHUYDO ��� ���

)83 LQLWLDO YDOXH RI WKH IUDFWLRQDO IOX[HV RI VROXEOH

FKHPLFDOV WKURXJK WKH WRSVRLO OD\HUV RI D 3/6

��� ��LQWHUYDO ��� ���

),2 LQLWLDO YDOXH RI WKH IUDFWLRQDO IOX[HV RI VROXEOH

FKHPLFDOV WKURXJK WKH WRSVRLO OD\HUV RI D 3/6

��� ��LQWHUYDO ��� ���

067 ² 68%6725

/0670 LQLWLDO PRLVWXUH VWRUDJH LQ WKH ORZHU OD\HU ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

$0670 LQLWLDO PRLVWXUH VWRUDJH LQ WKH DFWLYH JURXQGZDWHU

OD\HU

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

067 ² 68%)/;

)/3 LQLWLDO IUDFWLRQDO IOX[ RI VROXEOH FKHPLFDOV WKURXJK WKH

VXEVRLO

��� ��LQWHUYDO ��� ���

)/'3 LQLWLDO IUDFWLRQDO IOX[ RI VROXEOH FKHPLFDOV WKURXJK WKH

VXEVRLO

��� ��LQWHUYDO ��� ���

)$2 LQLWLDO IUDFWLRQDO IOX[ RI VROXEOH FKHPLFDOV WKURXJK WKH

VXEVRLO

��� ��LQWHUYDO ��� ���

3(67

3(67 ² )/$*6

�,70;36��! PD[LPXP QXPEHU RI LWHUDWLRQV XVHG LQ VROYLQJ

)UHXQGLFK DGVRUSWLRQ LVRWKHUP

�� � ���

62,/ ² '$7$

�GHSWKV! WKLFNQHVVHV RI WKH VXUIDFH� XSSHU� ORZHU� DQG

JURXQGZDWHU OD\HUV

QRQH LQ

QRQH PP

�����

������

����

����



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

�EXONGHQV! EXON GHQVLWLHV RI WKH VXUIDFH� XSSHU� ORZHU� DQG

JURXQGZDWHU OD\HUV

��� OE�IW�

���� JP�FF

��

����

���

����

3(67 ² ,'

�3(67,'��! QDPHV RI SHVWLFLGHV EHLQJ VLPXODWHG QRQH QRQH QRQH

3(67 ² 7+(7$

7+'636 DGMXVWV WKH GHVRUSWLRQ UDWH SDUDPHWHU WR UHIOHFW

WHPSHUDWXUH GHSHQGHQFH �E\ PRGLILHG $UUKHQLXV

HTXDWLRQ�

���� ���� ����

7+$'36 DGMXVWV WKH DGVRUSWLRQ UDWH SDUDPHWHU WR UHIOHFW

WHPSHUDWXUH GHSHQGHQFH �E\ PRGLILHG $UUKHQLXV

HTXDWLRQ�

���� ���� ����

3(67 ² ),56730

.'636 GHVRUSWLRQ UDWH DW �� GHJ & ��� ���GD\� ��� QRQH

.$'36 DGVRUSWLRQ UDWH DW �� GHJ & ��� ���GD\� ��� QRQH

3(67 ² &0$;

&0$; PD[LPXP VROXELOLW\ RI WKH SHVWLFLGH LQ ZDWHU ��� SSP ��� QRQH

3(67 ² 69$/30

;),; PD[LPXP FRQFHQWUDWLRQ �RQ WKH VRLO� RI SHVWLFLGH

ZKLFK LV SHUPDQHQWO\ IL[HG WR WKH VRLO

��� SSP ��� QRQH

.� FRHIILFLHQW SDUDPHWHU IRU WKH )UHXQGOLFK DGVRUSWLRQ�

GHVRUSWLRQ HTXDWLRQ�

��� ���NJ� ��� QRQH

1� H[SRQHQW IRU WKH )UHXQGOLFK DGVRUSWLRQ�GHVRUSWLRQ

HTXDWLRQ

QRQH ��� QRQH

3(67 ² 1216930

;),; PD[LPXP FRQFHQWUDWLRQ �RQ WKH VRLO� RI SHVWLFLGH

ZKLFK LV SHUPDQHQWO\ IL[HG LQ WKH VRLO� 2QO\ XVHG LI

$'23)*  � �QRQ�VLQJOH YDOXH )UHXQGOLFK 0HWKRG�

��� SSP ��� QRQH

.� FRHIILFLHQW SDUDPHWHU IRU WKH DGVRUSWLRQ )UHXQGOLFK

FXUYH

��� ���NJ� ��� QRQH

1� H[SRQHQW SDUDPHWHU IRU WKH DGVRUSWLRQ )UHXQGOLFK

FXUYH

QRQH ��� QRQH

1� H[SRQHQW IRU WKH DX[LOLDU\ �GHVRUSWLRQ� FXUYH QRQH ��� QRQH

3(67 ² '(*5$'

6'*&21 GHJUDGDWLRQ UDWH RI WKH SHVWLFLGH LQ WKH VXUIDFH OD\HU ��� ���GD\� ��� ���

8'*&21 GHJUDGDWLRQ UDWH RI WKH SHVWLFLGH LQ WKH XSSHU OD\HU ��� ���GD\� ��� ���

/'*&21 GHJUDGDWLRQ UDWH RI WKH SHVWLFLGH LQ WKH ORZHU OD\HU ��� ���GD\� ��� ���

$'*&21 GHJUDGDWLRQ UDWH RI WKH SHVWLFLGH LQ JURXQGZDWHU ��� ���GD\� ��� ���

3(67 � 6725�

�IRU VXUIDFH� XSSHU ORZHU� DQG JURXQGZDWHU OD\HUV� VHSDUDWHO\!

36&< LQLWLDO VWRUDJH RI SHVWLFLGH LQ FU\VWDOOLQH IRUP ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

36$' LQLWLDO VWRUDJH RI SHVWLFLGH LQ DGVRUEHG IRUP ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3668 LQLWLDO VWRUDJH RI SHVWLFLGH LQ VROXWLRQ ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3(67 � 6725�

,36 ,QLWLDO VWRUDJH RI SHVWLFLGH LQ WKH XSSHU OD\HU

WUDQVLWRU\ �LQWHUIORZ� VWRUDJH� 2QO\ GLVVROYHG SHVWLFLGH

LV XVHG KHUH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

1,75

1,7 ² )/$*6

9187)* IODJ IRU SODQW XSWDNH SDUDPHWHUV � � �

)25$)* IODJ IRU DPPRQLXP DGVRUSWLRQ�GHVRUSWLRQ RSWLRQ � � �

,70$;$ SODQW QLWURJHQ XSWDNH UHDFWLRQ UDWH SDUDPHWHU IRU

ORZHU OD\HU

�� � ���

%1801 QXPEHU RI WLPHVWHSV EHWZHHQ ELRFKHPLFDO

UHFDOFXODWLRQ

QRQH � ����

&1801 QXPEHU RI WLPHVWHSV EHWZHHQ DGVRUSWLRQ

UHFDOFXODWLRQ

QRQH � ����

1,7 ² 837$.(

6.3/1 SODQW QLWURJHQ XSWDNH UHDFWLRQ UDWH SDUDPHWHU IRU

VXUIDFH OD\HU

��� ���GD\� ��� QRQH

8.3/1 SODQW QLWURJHQ XSWDNH UHDFWLRQ UDWH SDUDPHWHU IRU

XSSHU OD\HU

��� ���GD\� ��� QRQH

/.3/1 SODQW QLWURJHQ XSWDNH UHDFWLRQ UDWH SDUDPHWHU IRU

ORZHU OD\HU

��� ���GD\� ��� QRQH

$.3/1 SODQW QLWURJHQ XSWDNH UHDFWLRQ UDWH SDUDPHWHU IRU

DFWLYH JURXQGZDWHU OD\HU

��� ���GD\� ��� QRQH

021 ² 1,7837

�IRU VXUIDFH� XSSHU� ORZHU� DQG JURXQGZDWHU OD\HUV� VHSDUDWHO\!

.3/10�� PRQWKO\ SDUDPHWHU IRU SODQW QLWURJHQ XSWDNH UHDFWLRQ

UDWH

��� ���GD\� ��� QRQH

1,7 ² )67*(1

12�87) IUDFWLRQ RI QLWURJHQ XSWDNH ZKLFK FRPHV IURP QLWUDWH ��� ����� ���

1+�87) IUDFWLRQ RI QLWURJHQ XSWDNH ZKLFK FRPHV IURP

DPPRQLXP

��� ��� ���

�WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQWV IRU WKH IROORZLQJ UHDFWLRQV!

7+3/1 SODQW XSWDNH ���� ��� ���

7+.'6$ $PPRQLXP GHVRUSWLRQ ���� ��� ���

7+.$'$ $PPRQLD DGVRUSWLRQ ���� ��� ���

7+.,01 QLWUDWH LPPRELOL]DWLRQ ���� ��� ���

7+.$0 RUJDQLF 1 DPPRQLILFDWLRQ ���� ��� ���

7+.'1, 12� GHQLWULILFDWLRQ ���� ��� ���



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

7+.1, 1LWULILFDWLRQ ���� ��� ���

7+.,0$ $PPRQLXP LPPRELOL]DWLRQ ���� ��� ���

1,7 ² )6730

�ILUVW�RUGHU UHDFWLRQ UDWH SDUDPHWHUV IRU WKH IROORZLQJ UHDFWLRQV

.'6$0 $PPRQLXP GHVRUSWLRQ ��� ���GD\� ��� QRQH

.$'$0 $PPRQLXP DGVRUSWLRQ ��� ���GD\� ��� QRQH

.,01, 1LWUDWH LPPRELOL]DWLRQ ��� ���GD\� ��� QRQH

.$0 2UJDQLF 1 DPPRQLILFDWLRQ ��� ���GD\� ��� QRQH

.'1, 'HQLWULILFDWLRQ RI 12� ��� ���GD\� ��� QRQH

.1, 1LWULILFDWLRQ ��� ���GD\� ��� QRQH

.,0$0 $PPRQLXP LPPRELOL]DWLRQ ��� ���GD\� ��� QRQH

1,7 ² &0$;

&0$; 0D[LPXP VROXELOLW\ RI DPPRQLXP LQ ZDWHU ��� SSP ��� QRQH

1,7 ² 69$/30

;),; ,QIRUPDWLRQ LQ WKLV GDWD JURXS LV DQDORJRXV WR 3(67�

69$/30 �XVHG RQO\ LI )25$)*  ��

.�

1�

1,7 � 6725�

�IRU VXUIDFH� XSSHU� ORZHU� DQG JURXQGZDWHU OD\HUV� VHSDUDWHO\!

25*1 ,QLWLDO VWRUDJH RI RUJDQLF 1 ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

$0$' ,QLWLDO VWRUDJH RI DGVRUEHG DPPRQLXP ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

$068 ,QLWLDO VWRUDJH RI VROXWLRQ DPPRQLXP ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

12� ,QLWLDO VWRUDJH RI QLWUDWH ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3/71 ,QLWLDO 1 VWRUHG LQ SODQWV� GHULYHG IURP WKLV OD\HU ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

1,7 � 6725�

,$068 ,QLWLDO TXDQWLW\ RI DPPRQLXP LQ XSSHU OD\HU WUDQVLWRU\

VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

,12� ,QLWLDO TXDQWLW\ RI QLWUDWH LQ XSSHU OD\HU WUDQVLWRU\

VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3+26

3+26�)/$*6

9387)* IODJ IRU SODQW XSWDNH SDUDPHWHUV � � �

)253)* IODJ IRU SKRVSRUXV DGVRUSWLRQ�GHVRUSWLRQ RSWLRQ � � �

,70$;3 PD[LPXP QXPEHU RI LWHUDWLRQV IRU )UHXGOLFK PHWKRG �� � ���



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

%1803 QXPEHU RI WLPHVWHSV EHWZHHQ ELRFKHPLFDO

UHFDOFXODWLRQ

QRQH � ����

&1803 QXPEHU RI WLPHVWHSV EHWZHHQ DGVRUSWLRQ

UHFDOFXODWLRQ

QRQH � ����

3+26�837$.(

6.3/3 7KLV GDWD VHW LV DQDORJRXV WR 1,7�837$.(

8.3/3

/.3/3

$.3/3

021 ² 3+26837

.3/30�� 7KLV GDWD VHW LV DQDORJRXV WR 021�1,7837

3+26�)67*(1

�WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQWV IRU WKH IROORZLQJ UHDFWLRQV!

7+3/3 SODQW XSWDNH ���� ��� ���

7+.'63 SKRVSKDWH GHVRUSWLRQ ���� ��� ���

7+.$'3 SKRVSKDWH DGVRUSWLRQ ���� ��� ���

7+.,03 SKRVSKDWH LPPRELOL]DWLRQ ���� ��� ���

7+.03 RUJDQLF 3 PLQHUDOL]DWLRQ ���� ��� ���

3+26�)6730

.'63 SKRVSKDWH GHVRUSWLRQ ��� ���GD\� ��� QRQH

.$'3 SKRVSKDWH DGVRUSWLRQ ��� ���GD\� ��� QRQH

.,03 SKRVSKDWH LPPRELOL]DWLRQ ��� ���GD\� ��� QRQH

.03 RUJDQLF 3 PLQHUDOL]DWLRQ ��� ���GD\� ��� QRQH

3+26�&0$;

&0$; PD[LPXP VROXELOLW\ RI SKRVSKDWH ��� SSP ��� QRQH

3+26 ² 69$/30

;),; WKLV GDWD VHW LV LGHQWLFDO WR

1,7�69$/30� ,W LV RQO\ XVHG LI )253)*  �

.�

1�

3+26 � 6725�

�IRU VXUIDFH� XSSHU� ORZHU� DQG JURXQGZDWHU OD\HUV� VHSDUDWHO\!

25*3 LQLWLDO VWRUDJH RI RUJDQLF 3 ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3�$' LQLWLDO VWRUDJH RI DGVRUEHG SKRVSKDWH ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3�68 LQLWLDO VWRUDJH RI SKRVSKDWH LQ VROXWLRQ ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

3/73 LQLWLDO 3 VWRUHG LQ SODQWV� GHULYHG IURP WKLV OD\HU ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� �FRQWLQXHG�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

3+26 � 6725�

,3�68 LQLWLDO VWRUDJH RI SKRVSKDWH LQ XSSHU OD\HU WUDQVLWRU\

�LQWHUIORZ� VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

75$&(5

75$& ² ,'

75$&,'�� QDPH RI WUDFHU VXEVWDQFH QRQH QRQH QRQH

75$&�7236725

67568 LQLWLDO TXDQWLW\ RI WUDFHU �FRQVHUYDWLYH� LQ VXUIDFH

VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

87568 LQLWLDO TXDQWLW\ RI WUDFHU LQ XSSHU SULQFLSDO VWRUDJH ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

,7568 LQLWLDO TXDQWLW\ RI WUDFHU LQ XSSHU WUDQVLWRU\ �LQWHUIORZ�

VWRUDJH

��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

75$& ² 68%6725

/7568 LQLWLDO VWRUDJH RI WUDFHU LQ ORZHU OD\HU ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH

$7568 LQLWLDO VWRUDJH RI WUDFHU LQ DFWLYH JURXQGZDWHU OD\HU ��� OE�DF

��� NJ�KD

���

���

QRQH

QRQH



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� ,03/1' �,PSHUYLRXV /DQG 6HJPHQW�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

$7(03

,03/1' $7(03 7KLV VHFWLRQ LV DQDORJRXV WR $7(03 LQ WKH 3(5/1' JURXS

612:

,03/1' 612: 7KLV VHFWLRQ LV DQDORJRXV WR $7(03 LQ WKH 3(5/1' JURXS

,:$7(5

,:$7�3$50�

&612)* IODJ WR FRQVLGHU HIIHFWV RI VQRZ DFFXPXODWLRQ DQG

PHOW

� � �

5723)* IODJ IRU RYHUODQG IORZ URXWLQJ PHWKRG � � �

956)* IODJ IRU UHWHQWLRQ VWRUDJH FDSDFLW\ � � �

911)* IODJ IRU 0DQQLQJ�V Q IRU WKH RYHUODQG IORZ SODQH � � �

57/,)*

,:$7�3$50�

/685 OHQJWK RI WKH DVVXPHG RYHUODQG IORZ SODQH QRQH IW

QRQH P

���

���

QRQH

QRQH

6/685 VORSH RI WKH DVVXPHG RYHUODQG IORZ SODQH QRQH �������� ����

1685 0DQQLQJ�V Q IRU WKH RYHUODQG IORZ SODQH ��� ����� ���

5(76& UHWHQWLRQ �LQWHUFHSWLRQ� VWRUDJH FDSDFLW\ RI WKH

VXUIDFH

��� LQ

��� PP

���

���

����

�����

,:$7 � 3$50�

3(70$; DLU WHPS� EHORZ ZKLFK (7 ZLOO DUELWUDULO\ EH UHGXFHG

EHORZ WKH YDOXH REWDLQHG IURP WKH LQSXW WLPH VHULHV�

2QO\ XVH LI &612)*  �

���� )

��� &

QRQH

QRQH

QRQH

QRQH

3(70,1 WHPS� EHORZ ZKLFK (7 ZLOO EH ]HUR UHJDUGOHVV RI WKH

YDOXH LQ WKH LQSXW WLPH VHULHV�

���� )

��� &

QRQH

QRQH

QRQH

QRQH

021 � 5(71

5(76&0���� PRQWKO\ UHWHQWLRQ VWRUDJH FDSDFLW\ YDOXHV� 2QO\ XVH

LI 956)*  �

��� LQ

��� PP

���

���

����

�����

021 ² 0$11,1*

16850���� PRQWKO\ YDOXHV IRU 0DQQLQJ�V Q YDOXHV� 2QO\

UHTXLUHG LI 911)*  �

���� ����� ���

,:$7 � 67$7(�

5(76 UHWHQWLRQ VWRUDJH ����� LQ

����� PP

�����

�����

���

����

6856 VXUIDFH �RYHUODQG IORZ� VWRUDJH ����� LQ

����� PP

�����

�����

���

����

62/,'6

6/' ² 3$50�

9$6')* IODJ IRU VROLG DFFXPXODWLRQ UDWH � � �

956')* IODJ IRU VROLG UHPRYDO UDWH RSWLRQ � � �

6'23)* IODJ WKDW GHWHUPLQHV WKH DOJRULWKP XVHG WR VLPXODWH

UHPRYDO RI VHGLPHQW IURP WKH ODQG VXUIDFH

� � �



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� ,03/1' �,PSHUYLRXV /DQG 6HJPHQW�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

6/' � 3$50�

.(,0 FRHIILFLHQW LQ WKH VROLGV ZDVKRII HTXDWLRQ ��� ��� 1RQH

-(,0 H[SRQHQW LQ WKH VROLGV ZDVKRII HTXDWLRQ QRQH QRQH QRQH

$&&6'3 UDWH DW ZKLFK VROLGV DFFXPXODWH RQ WKH ODQG VXUIDFH ��� WRQV�DF�GD\

��� WRQQHV�KD�GD\

���

���

QRQH

QRQH

5(06'3 IUDFWLRQ RI VROLGV VWRUDJH ZKLFK LV UHPRYHG HDFK GD\

ZKHQ QR UXQRII

��� ���GD\� ��� ���

021 ² 6$&&80

$&&6'0���� PRQWKO\ VROLGV DFFXPXODWLRQ UDWHV� 2QO\ QHHGHG LI

9$6')*  �

��� WRQV�DF�GD\

��� WRQQHV�KD�GD\

���

���

QRQH

QRQH

021 ² 5(029

5(06'0���� PRQWKO\ VROLGV XQLW UHPRYDO UDWH� 2QO\ QHHGHG LI

956')*  �

��� ��GD\ ��� ���

6/' ² 6725

6/'6 LQLWLDO VWRUDJH RI VROLGV ��� WRQV�DF

��� WRQQHV�KD

���

���

QRQH

QRQH

,:7*$6

,:7 ² 3$50�

:7)9)* IODJ WR FKRRVH FRQVWDQW RU PRQWKO\ WHPSHUDWXUH

UHJUHVVLRQ SDUDPHWHUV

� � �

&612)* IODJ WR FRQVLGHU HIIHFWV RI VQRZ DFFXPXODWLRQ DQG

PHOW

� � �

,:7 � 3$50�

(/(9 HOHYDWLRQ RI WKH LPSHUYLRXV ODQG VHJPHQW �,/6�

DERYH VHD OHYHO

��� IW

��� P

�������

������

�������

������

$:7) VXUIDFH ZDWHU WHPSHUDWXUH� ZKHQ WKH DLU

WHPSHUDWXUH LV �� GHJUHHV )

���� )

��� &

���

�����

�����

����

%:7) VORSH RI WKH VXUIDFH ZDWHU WHPSHUDWXUH UHJUHVVLRQ

HTXDWLRQ

��� )�)

��� &�&

�����

�����

���

���

021 � $:7)

$:7)0���� PRQWKO\ YDOXHV IRU $:7)� 2QO\ UHTXLUHG LI :7)9)*

 �

���� )

��� &

���

�����

�����

����

021 ² %7:)

%:7)0���� PRQWKO\ YDOXHV IRU VORSH RI WKH VXUIDFH ZDWHU

WHPSHUDWXUH UHJUHVVLRQ HTXDWLRQ� 2QO\ UHTXLUHG LI

:7)9)*  �

��� )�)

��� &�&

�����

�����

���

���

,:7 ² ,1,7

62703 LQLWLDO WHPSHUDWXUH RI WKH VXUIDFH UXQRII ���� )

���� &

����

����

�����

����

62'2; LQLWLDO '2 FRQWHQW RI WKH VXUIDFH UXQRII ��� PJ�O ��� ����

62&2� LQLWLDO &2
�
FRQWHQW RI WKH VXUIDFH UXQRII ��� PJ F�O ��� ���



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� ,03/1' �,PSHUYLRXV /DQG 6HJPHQW�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

,48$/

48$/ ² 35236

46')* IODJ IRU VHGLPHQW DVVRFLDWHG FRQVWLWXHQW � � �

93):)* IODJ IRU VFRXU SRWHQF\ IDFWRU � � �

462)* IODJ IRU RYHUODQG IORZ DVVRFLDWHG FRQVWLWXHQW � � �

942)* IODJ IRU DFFXPXODWLRQ DQG OLPLWLQJ VWRUDJH � � �

48$/ ² ,1387

642 LQLWLDO VWRUDJH RI RYHUODQG IORZ DVVRFLDWHG

FRQVWLWXHQW �48$/2)� RQ WKH VXUIDFH RI WKH ,/6

��� TW\�DF

��� TW\�KD

���

���

QRQH

QRQH

327): :DVKRII SRWHQF\ IDFWRU� 2QO\ DSSOLFDEOH LI WKH

FRQVWLWXHQW LV VHGLPHQW DVVRFLDWHG FRQVWLWXHQW

�48$/6'�

��� TW\�WRQ

��� TW\�WRQQH

���

���

QRQH

QRQH

$&423 UDWH RI DFFXPXODWLRQ RI 48$/2) ��� TW\�DF�GD\

��� TW\�KD�GD\

���

���

QRQH

QRQH

642/,0 PD[LPXP VWRUDJH RI 48$/2) �������� TW\�DF

�������� TW\�KD

��������

��������

QRQH

QRQH

:6423 UDWH RI VXUIDFH UXQRII ZKLFK ZLOO UHPRYH ��� RI

VWRUHG 48$/2) SHU KRXU

���� LQ�KU

���� PP�KU

����

����

QRQH

QRQH

021 � 327): WKLV GDWD VHW LV LGHQWLFDO WR WKH FRUUHVSRQGLQJ WDEOH LQ 3(5/1'

021 � $&&80 WKLV GDWD VHW LV LGHQWLFDO WR WKH FRUUHVSRQGLQJ WDEOH LQ 3(5/1'

021 � 642/,0 WKLV GDWD VHW LV LGHQWLFDO WR WKH FRUUHVSRQGLQJ WDEOH LQ 3(5/1'



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

+<'5

+<'5 ² 3$50�

9&21)* IODJ IRU )>92/@ RXWIORZ GHPDQG FRPSRQHQWV � � �

$8;�)* IODJ WR FDOFXODWH GHSWK� VWDJH� VXUIDFH DUHD�

DYHUDJH GHSWK� DQG WRS ZLGWK

� � �

$8;�)* IODJ WR FDOFXODWH DYHUDJH YHORFLW\ DQG DYHUDJH FURVV�

VHFWLRQDO DUHD

� � �

$8;�)* IODJ WR FDOFXODWH VKHDU YHORFLW\ DQG EHG VKHDU VWUHVV � � �

2')9)* IODJ IRU )>92/@ FRPSRQHQW RI WKH RXWIORZ GHPDQG � �� �

2'*7)* IODJ IRU *>7@ FRPSRQHQW RI WKH RXWIORZ GHPDQG � � �

)81&7 IODJ IRU FRPELQLQJ RXWIORZ GHPDQG FRPSRQHQWV � � �

+<'5 � 3$50�

)7%'61 :'0 WDEOH GDWDVHW QXPEHU FRQWDLQLQJ WKH )�7DEOH � � ���

)7$%12 LI )7%'61  �� WKHQ )7$%12 LV WKH XVHU�V QXPEHU

IRU WKH )�7DEOH ZKLFK FRQWDLQV WKH JHRPHWULF DQG

K\GUDXOLF SURSHUWLHV RI 5&+5(6� (OVH� LW LV WKH :'0

WDEOH LQGLFDWRU

QRQH � ���

/(1 OHQJWK RI WKH 5&+5(6 QRQH PLOHV

QRQH NP

����

�����

QRQH

QRQH

'(/7+ GURS LQ ZDWHU HOHYDWLRQ IURP WKH XSVWUHDP WR WKH

GRZQVWUHDP H[WUHPLWLHV RI WKH 5&+5(6

��� IW

��� P

���

���

QRQH

QRQH

67&25 FRUUHFWLRQ WR WKH 5&+5(6 GHSWK WR FDOFXODWH VWDJH ��� IW

��� P

QRQH

QRQH

QRQH

QRQH

.6 ZHLJKWLQJ IDFWRU IRU K\GUDXOLF URXWLQJ ��� ��� ����

'%�� PHGLDQ GLDPHWHU RI WKH EHG VHGLPHQW �DVVXPHG

FRQVWDQW WKURXJKRXW WKH UXQ�

���� LQ

���� PP

������

������

�����

������

021 ² &219)

&219)0���� PRQWKO\ )�92/� DGMXVWPHQW IDFWRUV ��� ��� QRQH

+<'5 ² ,1,7

92/ LQLWLDO YROXPH RI ZDWHU LQ 5&+5(6 ��� DFUH�IW

��� 0P�

���

���

QRQH

QRQH

&2/,1'��� IRU DQ H[LW� LW LQGLFDWHV WKH SDLU RI FROXPQV XVHG WR

HYDOXDWH WKH LQLWLDO YDOXH RI WKH )�92/� FRPSRQHQW

RI RXWIORZ GHPDQG IRU WKH H[LW

��� ��� ���

287'*7��� VSHFLILHV WKH *�7� FRPSRQHQW RI WKH LQLWLDO RXWIORZ

GHPDQG IRU HDFK H[LW IURP 5&+5(6

��� IW��V

��� P��V

���

���

QRQH

QRQH

$'&$/&

$'&$/& ² '$7$

&55$7 UDWLR RI PD[LPXP YHORFLW\ WR PHDQ YHORFLW\ LQ WKH

5&+5(6 FURVV VHFWLRQ XQGHU W\SLFDO IORZ FRQGLWLRQV

��� ��� QRQH

92/ YROXPH RI ZDWHU LQ WKH 5&+5(6 DW WKH VWDUW RI WKH

VLPXODWLRQ� 1RW UHTXLUHG LI +<'5 LV DFWLYH

��� DFUH�IW

��� 0P�

���

���

QRQH

QRQH



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

&216

&216 � '$7$

&21,'��� QDPH RI WKH FRQVHUYDWLYH FRQVWLWXHQW QRQH QRQH QRQH

&21 LQLWLDO FRQFHQWUDWLRQ RI WKH FRQVWLWXHQW ��� ��� QRQH

&21&,' VSHFLILHV WKH FRQFHQWUDWLRQ XQLWV RI WKH FRQVWLWXHQW QRQH QRQH QRQH

&219 FRQYHUVLRQ IDFWRU IURP 47<,'�92/ WR &21&,' QRQH ���(��� QRQH

47<,' VSHFLILHV WKH XQLWV ZKLFK WKH WRWDO IORZ RI WKH

FRQVWLWXHQW LQWR RU RXW RI 5&+5(6 ZLOO EH H[SUHVVHG

QRQH QRQH 1RQH

+75&+

+($7 ² 3$50

(/(9 PHDQ 5&+5(6 HOHYDWLRQ ��� IW

��� P

���

���

�������

�������

(/'$7 GLIIHUHQFH LQ HOHYDWLRQ EHWZHHQ WKH 5&+5(6 DQG

WKH DLU WHPSHUDWXUH JDJH �SRVLWLYH LI 5&+5(6 LV

KLJKHU WKDQ WKH JDJH�

��� IW

��� P

QRQH

QRQH

QRQH

QRQH

&)6$(; IUDFWLRQ RI 5&+5(6 VXUIDFH H[SRVHG WR UDGLDWLRQ ��� ����� ���

.$75$' ORQJZDYH UDGLDWLRQ FRHIILFLHQW ���� ��� ����

.&21' FRQGXFWLRQ � FRQYHFWLRQ KHDW WUDQVSRUW FRHIILFLHQW ���� ��� ����

.(9$3 HYDSRUDWLRQ FRHIILFLHQW ���� ��� ����

+($7 ² ,1,7

7: LQLWLDO ZDWHU WHPSHUDWXUH LQ 5&+5(6 ���� )

���� &

����

���

�����

����

$,5703 LQLWLDO DLU WHPSHUDWXUH DW 5&+5(6 ���� )

���� &

�����

�����

�����

����

6('751

6$1')*

6$1')* IODJ WR FKRRVH PHWKRG IRU VDQG ORDG VLPXODWLRQ�

7RIIDOHWWL� &ROE\� RU XVHU�VSHFLILHG SRZHU IXQFWLRQ

� � �

6(' ² *(13$50

%(':,' ZLGWK RI WKH FURVV�VHFWLRQ RYHU ZKLFK +63) ZLOO

DVVXPH EHG VHGLPHQW LV GHSRVLWHG UHJDUGOHVV RI

VWDJH� WRS�ZLGWK� HWF� 8VHG WR HVWLPDWH EHG

VHGLPHQW GHSWK

QRQH IW

QRQH P

���

���

QRQH

QRQH

%(':51 EHG GHSWK� ZKLFK LI H[FHHGHG ZLOO FUHDWH ZDUQLQJ

PHVVDJH

����� IW

���� P

�����

������

QRQH

QRQH

325 SRURVLW\ RI WKH EHG �YROXPH YRLGV � WRWDO YROXPH�

XVHG WR HVWLPDWH EHG GHSWK

��� ��� ���

6(' ² +<'3$50

/(1 OHQJWK RI 5&+5(6 QRQH PL

QRQH NP

����

�����

QRQH

QRQH

'(/7+ GURS LQ ZDWHU HOHYDWLRQ ��� IW

��� P

���

���

QRQH

QRQH

7DEOH %���� �FRQWLQXHG�



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

'%�� PHGLDQ GLDPHWHU RI EHG VHGLPHQW ���� LQ

���� PP

������

������

�����

������

6$1' � 30

' HIIHFWLYH GLDPHWHU RI WKH WUDQVSRUWHG VDQG SDUWLFOHV QRQH LQ

QRQH PP

�����

�����

�����

������

: FRUUHVSRQGLQJ IDOO YHORFLW\ LQ VWLOO ZDWHU QRQH LQ�VHF

QRQH PP�VHF

����

��

�����

�������

5+2 GHQVLW\ RI WKH VDQG SDUWLFOHV ���� JP�FP� ��� ���

.6$1' FRHIILFLHQW LQ WKH VDQG ORDG SRZHU IXQFWLRQ IRUPXOD ��� ��� QRQH

(;361' H[SRQHQW LQ WKH VDQG ORDG SRZHU IXQFWLRQ IRUPXOD ��� ��� QRQH

6,/7 � &/$< � 30

' HIIHFWLYH GLDPHWHU RI WKH SDUWLFOHV ��� LQ

��� PP

���

���

�����

����

: IDOO YHORFLW\ LQ VWLOO ZDWHU ��� LQ�VHF

��� PP�VHF

���

���

���

���

5+2 GHQVLW\ RI WKH SDUWLFOHV ���� JP�FP� ��� ���

7$8&' FULWLFDO EHG VKHDU VWUHVV IRU GHSRVLWLRQ� $ERYH WKLV

VWUHVV� WKHUH ZLOO EH QR GHSRVLWLRQ

���(�� OE�IW�

���(�� NJ�P�

���(���

���(���

QRQH

QRQH

7$8&6 FULWLFDO EHG VKHDU VWUHVV IRU VFRXU� %HORZ WKLV YDOXH

WKHUH ZLOO EH QR VFRXU

���(�� OE�IW�

���(�� NJ�P�

���(���

���(���

QRQH

QRQH

0 HURGLELOLW\ FRHIILFLHQW RI WKH VHGLPHQW ��� OE�IW��G

��� NJ�P��G

���

���

QRQH

QRQH

66(' ² ,1,7

66('��� WKUHH YDOXHV DUH LQLWLDO FRQFHQWUDWLRQV RI VXVSHQGHG

VDQG� VLOW� DQG FOD\� UHVSHFWLYHO\

��� PJ�O ��� QRQH

%(' ² ,1,7

%(''(3 LQLWLDO WRWDO GHSWK �WKLFNQHVV� RI WKH EHG ��� IW

��� P

���

���

QRQH

QRQH

�IUDFVDQG! LQLWLDO IUDFWLRQ �E\ ZHLJKW� RI VDQG LQ EHG PDWHULDO ��� ������ ���

�IUDFVLOW! LQLWLDO IUDFWLRQ RI VLOW ��� ��� ������

�IUDFFOD\! LQLWLDO IUDFWLRQ RI FOD\ ��� ��� ������

*48$/

*4 � *(1'$7$

7(03)* IODJ IRU VRXUFH RI ZDWHU WHPSHUDWXUH GDWD � � �

3+)/$* IODJ IRU VRXUFH RI S+ GDWD � � �

52;)* IODJ IRU VRXUFH RI IUHH UDGLFDO R[\JHQ GDWD � � �

&/')* IODJ IRU VRXUFH RI FORXG FRYHU GDWD � � �

6')* IODJ IRU VRXUFH RI WRWDO VHGLPHQW FRQFHQWUDWLRQ GDWD � � �

3+<7)* IODJ IRU VRXUFH RI SK\WRSODQNWRQ GDWD � � �

/$7 ODWLWXGH RI 5&+5(6 � GHJUHHV ��� ��

7DEOH %���� �FRQWLQXHG�



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

*4 � 4$/'$7$

*4,' QDPH RI FRQVWLWXHQW �TXDO� QRQH QRQH QRQH

'4$/ LQLWLDO GLVVROYHG FRQFHQWUDWLRQ RI TXDO ��� ��� QRQH

&21&,' FRQFHQWUDWLRQ XQLWV �LPSOLHG �SHU OLWHU�� QRQH QRQH QRQH

&219 IDFWRU WR FRQYHUW IURP TW\�YRO WR FRQFHQWUDWLRQ XQLWV QRQH ���(��� QRQH

47<,' QDPH RI TW\ XQLW IRU TXDO QRQH QRQH QRQH

*4 ² +<'30

.$ VHFRQG RUGHU DFLG UDWH FRQVWDQW IRU K\GURO\VLV QRQH ��VHF ���(��� QRQH

.% VHFRQG RUGHU EDVH UDWH FRQVWDQW IRU K\GURO\VLV QRQH ��VHF ���(��� QRQH

.1 ILUVW RUGHU UDWH FRQVWDQW RI QHXWUDO UHDFWLRQ ZLWK

ZDWHU

QRQH ��VHF ���(��� QRQH

7++<' WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU K\GURO\VLV ��� ��� ���

*4 ² 52;30

.2; VHFRQG RUGHU UDWH FRQVWDQW IRU R[LGDWLRQ E\ IUHH

UDGLFDO R[\JHQ

QRQH ��VHF ���(��� QRQH

7+2; WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU R[LGDWLRQ E\

IUHH UDGLFDO R[\JHQ

��� ��� ���

*4 ² 3+2730

3+2730������ PRODU DEVRUSWLRQ FRHIILFLHQWV IRU TXDO IRU ��

ZDYHOHQJWK UDQJHV RI OLJKW

��� ���FP� ��� QRQH

3+2730���� TXDQWXP \LHOG IRU WKH TXDO LQ DLU�VDWXUDWHG SXUH

ZDWHU

��� ������ ����

3+2730���� WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU SKRWRO\VLV ��� ��� ���

*4 � &)*$6

&)*$6 UDWLR RI YRODWLOL]DWLRQ UDWH WR R[\JHQ UHDHUDWLRQ UDWH QRQH ���(��� QRQH

*4 ² %,230

%,2&21 VHFRQG RUGHU UDWH FRQVWDQW IRU ELRGHJUDGDWLRQ RI

TXDO E\ ELRPDVV

QRQH ��PJ�GD\ ���(��� QRQH

7+%,2 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU

ELRGHJUDGDWLRQ RI TXDO

���� ��� ���

%,2 FRQFHQWUDWLRQ RI ELRPDVV FDXVLQJ ELRGHJUDGDWLRQ RI

TXDO

QRQH PJ�O ������� QRQH

021 ² %,2

%,20���� PRQWKO\ YDOXHV RI ELRPDVV QRQH PJ�O ������� QRQH

*4 ² *(1'(&$<

)67'(& ILUVW RUGHU GHFD\ UDWH IRU TXDO QRQH ��GD\ ������� QRQH

7+)67 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU ILUVW RUGHU

GHFD\ RI TXDO

���� ��� ���

*4 ² 6(''(&$<

$''&30��� GHFD\ UDWH IRU TXDO DGVRUEHG WR VXVSHQGHG VHGLPHQW ��� ���GD\� ��� QRQH

7DEOH %���� �FRQWLQXHG�



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

$''&30��� WHPSHUDWXUH FRUUHFWLRQ IRU GHFD\ RI TXDO RQ

VXVSHQGHG VHGLPHQW

���� ��� ���

$''&30��� GHFD\ UDWH IRU TXDO DGVRUEHG WR EHG VHGLPHQW ��� ���GD\� ��� QRQH

$''&30��� WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU GHFD\ RI TXDO

RQ EHG VHGLPHQW

���� ��� ���

*4 ² .'

$'30����� GLVWULEXWLRQ FRHIILFLHQW IRU TXDO ZLWK VXVSHQGHG VDQG QRQH ��PJ ���(��� QRQH

$'30����� ZLWK VXVSHQGHG VLOW QRQH ��PJ ���(��� QRQH

$'30����� ZLWK VXVSHQGHG FOD\ QRQH ��PJ ���(��� QRQH

$'30����� ZLWK EHG VDQG QRQH ��PJ ���(��� QRQH

$'30����� ZLWK EHG VLOW QRQH ��PJ ���(��� QRQH

$'30����� ZLWK EHG FOD\ QRQH ��PJ ���(��� QRQH

*4 ² $'5$7(

$'30����� WUDQVIHU UDWH EHWZHHQ DGVRUEHG DQG GHVRUEHG VWDWHV

IRU TXDO ZLWK VXVSHQGHG VDQG

QRQH ��GD\ ������� QRQH

$'30����� ZLWK VXVSHQGHG VLOW QRQH ��GD\ ������� QRQH

$'30����� ZLWK VXVSHQGHG FOD\ QRQH ��GD\ ������� QRQH

$'30����� ZLWK EHG VDQG QRQH ��GD\ ������� QRQH

$'30����� ZLWK EHG VLOW QRQH ��GD\ ������� QRQH

$'30����� ZLWK EHG FOD\ QRQH ��GD\ ������� QRQH

*4 ² $'7+(7$

$'30����� WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQWV IRU DGVRUSWLRQ �

GHVRUSWLRQ RQ VXVSHQGHG VDQG

���� ��� ���

$'30����� RQ VXVSHQGHG VLOW ���� ��� ���

$'30����� RQ VXVSHQGHG FOD\ ���� ��� ���

$'30����� RQ EHG VDQG ���� ��� ���

$'30����� RQ EHG VLOW ���� ��� ���

$'30����� RQ EHG FOD\ ���� ��� ���

*4 ² 6('&21&

64$/��� LQLWLDO FRQFHQWUDWLRQ RI TXDO RQ VXVSHQGHG VDQG ��� FRQFX�PJ ��� QRQH

64$/��� RQ VXVSHQGHG VLOW ��� FRQFX�PJ ��� QRQH

64$/��� RQ VXVSHQGHG FOD\ ��� FRQFX�PJ ��� QRQH

64$/��� RQ EHG VDQG ��� FRQFX�PJ ��� QRQH

64$/��� RQ EHG VLOW ��� FRQFX�PJ ��� QRQH

64$/��� RQ EHG FOD\ ��� FRQFX�PJ ��� QRQH

*4 ² 9$/8(6

7:$7 ZDWHU WHPSHUDWXUH �LI PRGHOHG DV FRQVWDQW� L�H��

7(03)*  ��

���� )

���� &

����

���

�����

�����

3+9$/ S+ �LI PRGHOHG DV FRQVWDQW L�H�� 3+)/$*  �� ��� ��� ����

7DEOH %���� �FRQWLQXHG�



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

52& IUHH UDGLFDO R[\JHQ FRQFHQWUDWLRQ �LI PRGHOHG DV

FRQVWDQW� L�H�� 52;)*  ��

��� PRO�O ��� QRQH

&/' FORXG FRYHU �LI PRGHOHG DV FRQVWDQW� L�H�� &/')*  

��

��� WHQWKV ��� ����

6'&1& WRWDO VXVSHQGHG VHGLPHQW FRQFHQWUDWLRQ �LI PRGHOHG

DV FRQVWDQW� L�H�� 6')*  ��

��� PJ�O ��� QRQH

3+< SK\WRSODQNWRQ FRQFHQWUDWLRQ �DV ELRPDVV� �LI

PRGHOHG DV FRQVWDQW� L�H�� 3+<7)*  ��

��� PJ�O ��� QRQH

021 ² :$7(03

7(030���� PRQWKO\ YDOXHV RI ZDWHU WHPSHUDWXUH �LI 7(03)*  

��

���� )

���� &

����

���

�����

�����

021 ² 3+9$/

3+9$/0���� PRQWKO\ YDOXHV RI S+ �LI 3+)/$*  �� ��� ��� ����

021 ² 52;<*(1

52&0���� PRQWKO\ YDOXHV RI IUHH UDGLFDO R[\JHQ �LI 52;)*  

��

��� PRO�O ��� QRQH

*4 � $/3+$

$/3+���� 9DOXHV RI EDVH DEVRUEDQFH FRHIILFLHQW QRQH ��FP ������� QRQH

*4 ² *$00$

*$00���� 9DOXHV RI VHGLPHQW DEVRUEDQFH FRHIILFLHQW ��� ���PJ�FP� ��� QRQH

*4 � '(/7$

'(/���� YDOXHV RI SK\WRSODQNWRQ DEVRUEDQFH ��� ���PJ�FP� ��� QRQH

*4 ² &/')$&7

.&/'���� OLJKW H[WLQFWLRQ HIILFLHQF\ RI FORXG FRYHU ��� ��� ���

021 � &/28'

&/'0���� PRQWKO\ YDOXHV RI DYHUDJH FORXG FRYHU ��� WHQWKV ��� ����

021 ² 6('&21&

6('&1&0���� PRQWKO\ DYHUDJH VXVSHQGHG VHGLPHQW FRQFHQWUDWLRQ ��� PJ�O ��� QRQH

021 ² 3+<72

3+<0���� PRQWKO\ YDOXHV RI SK\WRSODQNWRQ FRQFHQWUDWLRQ ��� PJ�O ��� QRQH

*4 ² '$8*+7(5

&����� LQGLFDWHV WKH DPRXQW RI TXDO �� ZKLFK LV SURGXFHG

E\ GHFD\ RI TXDO �� WKURXJK DOO VLPXODWHG GHFD\

SURFHVVHV

��� ��� QRQH

&����� ��� ��� QRQH

&����� ��� ��� QRQH

548$/

%(17+ ² )/$*

%(15)* IODJ WR FKRRVH EHQWKDO LQIOXHQFHV � � �

7DEOH %���� �FRQWLQXHG�



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

6&285 ² 3$506

6&59(/ YHORFLW\ DERYH ZKLFK HIIHFWV RI VFRXULQJ RQ EHQWKDO

UHOHDVH UDWHV LV FRQVLGHUHG

���� IW�VHF

���� P�VHF

����

����

QRQH

QRQH

6&508/ PXOWLSOLHU WR LQFUHDVH EHQWKDO UHOHDVHV GXULQJ VFRXULQJ ��� ��� QRQH

2;5;

2; � )/$*6

5($0)* IODJ WR FKRRVH UHDHUDWLRQ FDOFXODWLRQ PHWKRG � � �

2; � *(13$50

.%2'�� XQLW %2' GHFD\ UDWH # �� GHJUHHV & QRQH ��KU ���(��� QRQH

7&%2' WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU %2' GHFD\ ����� ��� ���

.2'6(7 UDWH RI %2' VHWWOLQJ ��� IW�KU

��� P�KU

���

���

QRQH

QRQH

6836$7 PD[LPXP DOORZDEOH GLVVROYHG R[\JHQ

VXSHUVDWXUDWLRQ �H[SUHVVHG DV PXOWLSOH RI '2

VDWXUDWLRQ FRQFHQWUDWLRQ�

���� ��� ���

(/(9

(/(9 PHDQ HOHYDWLRQ RI 5&+5(6 �DERYH VHDO OHYHO� ��� IW

��� P

���

���

�������

�������

2; � %(13$50

%(12' EHQWKDO R[\JHQ GHPDQG DW �� GHJUHHV & �ZLWK

XQOLPLWHG '2 FRQFHQWUDWLRQ�

��� PJ�P��KU ��� QRQH

7&%(1 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU EHQWKDO

R[\JHQ GHPDQG

����� ��� ���

(;32' H[SRQHQWLDO IDFWRU LQ WKH GLVVROYHG R[\JHQ WHUP RI

WKH EHQWKDO R[\JHQ GHPDQG HTXDWLRQ

���� ��� QRQH

%5%2'��� EHQWKDO UHOHDVH RI %2' DW KLJK R[\JHQ

FRQFHQWUDWLRQ

���� PJ�P��KU ������ QRQH

%5%2'��� LQFUHPHQW WR EHQWKDO UHOHDVH RI %2' XQGHU

DQDHURELF FRQGLWLRQV

����� PJ�P��KU ������ QRQH

(;35(/ H[SRQHQWLDO IDFWRU LQ WKH GLVVROYHG R[\JHQ WHUP RI

WKH EHQWKDO %2' UHOHDVH HTXDWLRQ

���� ��� QRQH

2; � &)25($

&)25($ FRUUHFWLRQ IDFWRU LQ WKH ODNH UHDHUDWLRQ HTXDWLRQ� WR

DFFRXQW IRU JRRG RU SRRU FLUFXODWLRQ FKDUDFWHULVWLFV

��� ����� ����

2; � 76,92*/28

5($.7 HPSLULFDO FRQVWDQW LQ 7VLYRJORX�V HTXDWLRQ IRU

UHDHUDWLRQ �HVFDSH FRHIILFLHQW�

���� ��IW ����� ���

7&*,19 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU VXUIDFH JDV

LQYDVLRQ �LI 5($0)*  ��

����� ��� ���

2; � /(1 ² '(/7+

/(1 OHQJWK RI 5&+5(6 QRQH PL

QRQH NP

����

����

QRQH

QRQH

7DEOH %���� �FRQWLQXHG�



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

'(/7+ GURS �HQHUJ\� RYHU LWV OHQJWK QRQH IW

QRQH P

�������

�������

QRQH

QRQH

2; ² 7&*,19

7&*,19 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU VXUIDFH JDV

LQYDVLRQ �LI 5($0)*  ��

����� ��� ���

2; ² 5($3$50

7&*,19 VHH DERYH �LI 5($0)*  �� ����� ��� ���

5($. HPSLULFDO FRQVWDQW IRU HTXDWLRQ XVHG WR FDOFXODWH

UHDHUDWLRQ FRHIILFLHQW

QRQH ��KU ���(��� QRQH

(;35(' H[SRQHQW WR GHSWK XVHG LQ FDOFXODWLRQ RI UHDHUDWLRQ

FRHIILFLHQW

��� QRQH ���

(;35(9 H[SRQHQW WR YHORFLW\ XVHG LQ FDOFXODWLRQ RI

UHDHUDWLRQ FRHIILFLHQW

��� ��� QRQH

2; ² ,1,7

'2; GLVVROYHG R[\JHQ ��� PJ�O ��� ����

%2' ELRFKHPLFDO R[\JHQ GHPDQG ��� PJ�O ��� QRQH

6$7'2 GLVVROYHG R[\JHQ VDWXUDWLRQ FRQFHQWUDWLRQ ���� PJ�O ��� ����

1875;

187 � )/$*6

7$0)* IODJ WR VLPXODWH WRWDO DPPRQLD � � �

12�)* IODJ WR VLPXODWH QLWULWH � � �

32�)* IODJ WR VLPXODWH RUWKR�SKRVSKRUXV � � �

$09)* IODJ WR VLPXODWH DPPRQLD HYDSRUL]DWLRQ � � �

'(1)* IODJ WR VLPXODWH GHQLWULILFDWLRQ � � �

$'1+)* IODJ WR VLPXODWH 1+� DGVRUSWLRQ � � �

$'32)* IODJ WR VLPXODWH 32� DGVRUSWLRQ � � �

3+)/$* IODJ IRU VRXUFH RI S+ GDWD � � �

&219 � 9$/�

&9%2 &RQYHUVLRQ IURP PLOOLJUDPV ELRPDVV WR PLOOLJUDPV

R[\JHQ

���� PJ�PJ ��� ���

&9%3& &RQYHUVLRQ IURP ELRPDVV H[SUHVVHG DV SKRVSKRUXV

WR FDUERQ HTXLYDOHQF\

����� PRO�PRO ���� �����

&9%31 FRQYHUVLRQ IURP ELRPDVV H[SUHVVHG DV SKRVSKRUXV

WR QLWURJHQ HTXLYDOHQF\

���� PRO�PRO ���� ����

%3&17& SHUFHQWDJH� E\ ZHLJKW� RI ELRPDVV ZKLFK LV FDUERQ ���� ���� �����

187 ² %(13$50

%57$0��� EHQWKDO UHOHDVH RI WRWDO DPPRQLD� ��� LQGLFDWHV

DHURELF UDWH DQG ��� LQGLFDWHV DQDHURELF UDWH

��� PJ�P��KU ��� QRQH

%532���� EHQWKDO UHOHDVH RI RUWKR�SKRVSKDWH� 6XEVFULSWV

VDPH DV DERYH

��� PJ�P��KU ��� QRQH

7DEOH %���� �FRQWLQXHG�



%�� +63) 'DWD 'LFWLRQDU\

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

$1$(5 FRQFHQWUDWLRQ RI GLVVROYHG R[\JHQ EHORZ ZKLFK

DQDHURELF FRQGLWLRQV H[LVW

����� PJ�O ������ ���

187 ² 1,7'(1,7

.7$0�� QLWULILFDWLRQ UDWH RI DPPRQLD DW �� GHJUHHV & QRQH ��KU ����� QRQH

.12��� QLWULILFDWLRQ UDWH RI QLWULWH DW �� GHJUHHV & QRQH ��KU ����� QRQH

7&1,7 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU QLWULILFDWLRQ ���� ��� ���

.12��� QLWULILFDWLRQ UDWH RI QLWUDWH DW �� GHJUHHV & QRQH ��KU ����� QRQH

7&'(1 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU GHQLWULILFDWLRQ ���� ��� ���

'(12;7 GLVVROYHG R[\JHQ FRQFHQWUDWLRQ WKUHVKROG IRU

GHQLWULILFDWLRQ

���� PJ�O ��� QRQH

187 � 1+�92/$7

(;319* H[SRQHQW LQ WKH JDV OD\HU PDVV WUDQVIHU FRHIILFLHQW

HTXDWLRQ IRU 1+
�
YRODWLOL]DWLRQ

��� ��� ���

(;319/ H[SRQHQW LQ WKH OLTXLG OD\HU PDVV WUDQVIHU FRHIILFLHQW

HTXDWLRQ IRU 1+
�
YRODWLOL]DWLRQ

������ ��� ���

187 ² %('&21&

%1+���� FRQVWDQW EHG FRQFHQWUDWLRQV RI 1+��1 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

��� PJ�NJ ��� QRQH

%32���� FRQVWDQW EHG FRQFHQWUDWLRQV RI 32��3 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

��� PJ�NJ ��� QRQH

187 ² $'63$50

$'1+30��� SDUWLWLRQ FRHIILFLHQWV IRU 1+��1 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

���(��� PO�J ���(��� QRQH

$'3230��� SDUWLWLRQ FRHIILFLHQWV IRU 32��3 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

���(��� PO�J ���(��� QRQH

187 ² ',1,7

12� LQLWLDO FRQFHQWUDWLRQ RI QLWUDWH �DV 1� ��� PJ�O ��� QRQH

7$0 LQLWLDO FRQFHQWUDWLRQ RI WRWDO DPPRQLD ��� PJ�O ��� QRQH

12� LQLWLDO FRQFHQWUDWLRQ RI QLWULWH ��� PJ�O ��� QRQH

32� LQLWLDO FRQFHQWUDWLRQ RI RUWKR�SKRVSKRUXV �DV 3� ��� PJ�O ��� QRQH

3+9$/ FRQVWDQW �DQQXDO� �LI 3+)/$*  �� RU LQLWLDO YDOXH �LI

3+)/$*  � RU �� RI S+

��� ��� ����

187 ² $'6,1,7

61+���� LQLWLDO FRQFHQWUDWLRQV RI 1+��1 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

��� PJ�NJ ��� QRQH

632���� LQLWLDO FRQFHQWUDWLRQV RI 32��3 DGVRUEHG WR

��� VDQG� ��� VLOW� DQG ��� FOD\

��� PJ�NJ ��� QRQH

3/$1.

3/$1. � )/$*6

3+<)* IODJ WR VLPXODWH SK\WRSODQNWRQ � � �

=22)* IODJ WR VLPXODWH ]RRSODQNWRQ � � �

7DEOH %���� �FRQWLQXHG�



%$6,16 9HUVLRQ ���

%�����

7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

%$/)* IODJ WR VLPXODWH EHQWKLF DOJDH � � �

6'/7)* IODJ WR VLPXODWH LQIOXHQFH RI VHGLPHQW ZDVKORDG RQ

OLJKW H[WLQFWLRQ

� � �

$05)* IODJ WR VLPXODWH DPPRQLD UHWDUGDWLRQ RI QLWURJHQ

OLPLWHG JURZWK

� � �

'(&)* IODJ WR VLPXODWH OLQNDJH EHWZHHQ FDUERQ GLR[LGH DQG

SKW\WRSODQNWRQ JURZWK

� � �

16)* IODJ WR VLPXODWH DPPRQLD DV SDUW RI DYDLODEOH

QLWURJHQ VXSSO\ LQ QLWURJHQ OLPLWHG JURZWK

FDOFXODWLRQV

� � �

=)22' IODJ WR LQGLFDWH TXDOLW\ RI ]RRSODQNWRQ IRRG � � �

685) � (;326('

&)6$(; XVHG WR DGMXVW WKH LQSXW VRODU UDGLDWLRQ WR PDNH LW

DSSOLFDEOH WR 5&+5(6� H�J�� DFFRXQW IRU VKDGLQJ E\

WUHHV

��� ����� ���

3/1. � 3$50�

5$7&/3 UDWLR RI FKORURSK\OO FRQWHQW RI ELRPDVV WR

SKRVSKRUXV FRQWHQW

��� ���� QRQH

1215() QRQUHIUDFWRU\ IUDFWLRQ RI DOJDH DQG ]RRSODQNWRQ

ELRPDVV

��� ���� ���

/,76(' PXOWLSOLFDWLRQ IDFWRU WR WRWDO VHGLPHQW FRQFHQWUDWLRQ

WR GHWHUPLQH VHGLPHQW FRQWULEXWLRQ WR OLJKW

H[WLQFWLRQ

��� ���PJ�IW� ��� QRQH

$/135 IUDFWLRQ RI QLWURJHQ UHTXLUHPHQWV IRU SK\WRSODQNWRQ

JURZWK VDWLVILHG E\ QLWUDWH

��� ���� ���

(;7% EDVH H[WLQFWLRQ FRHIILFLHQW IRU OLJKW QRQH ��IW

QRQH ��P

�����

�����

QRQH

QRQH

0$/*5 PD[LPDO XQLW DOJDO JURZWK UDWH ��� ��KU ����� QRQH

3/1. � 3$50�

&00/7 0LFKDHOLV�0HQWHQ FRQVWDQW IRU OLJKW OLPLWHG JURZWK ����� O\�PLQ ���(�� QRQH

&001 QLWUDWH 0LFKDHOLV�0HQWHQ FRQVWDQW IRU QLWURJHQ

OLPLWHG JURZWK

����� PJ�O ���(�� QRQH

&0013 QLWUDWH 0LFKDHOLV�0HQWHQ FRQVWDQW IRU SKRVSKRUXV

OLPLWHG JURZWK

������ PJ�O ���(�� QRQH

&003 SKRVSKDWH 0LFKDHOLV�0HQWHQ FRQVWDQW IRU

SKRVSKRUXV OLPLWHG JURZWK

������ PJ�O ���(�� QRQH

7$/*5+ WHPSHUDWXUH DERYH ZKLFK DOJDO JURZWK FHDVHV ���� )

���� &

����

����

�����

�����

7$/*5/ WHPSHUDWXUH EHORZ ZKLFK DOJDO JURZWK FHDVHV ���� )

��� &

����

���

�����

�����

7$/*50 WHPSHUDWXUH EHORZ ZKLFK DOJDO JURZWK LV UHWDUGHG ���� )

���� &

����

���

�����

�����

3/1. � 3$50�

7DEOH %���� �FRQWLQXHG�
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7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

$/5�� DOJDO XQLW UHVSLUDWLRQ UDWH DW �� GHJUHHV & ����� ��KU ���(�� QRQH

$/'+ KLJK DOJDO XQLW GHDWK UDWH ���� ��KU ���(�� QRQH

$/'/ ORZ DOJDO XQLW GHDWK UDWH ����� ��KU ���(�� QRQH

2;$/' LQFUHPHQW WR SK\WRSODQNWRQ XQLW GHDWK UDWH GXH WR

DQDHURELF FRQGLWLRQV

���� ��KU ���(�� QRQH

1$/'+ LQRUJDQLF QLWURJHQ FRQFHQWUDWLRQ EHORZ ZKLFK KLJK

DOJDO GHDWK UDWH RFFXUV �DV QLWURJHQ�

��� PJ�O ��� QRQH

3$/'+ LQRUJDQLF SKRVSKRUXV FRQFHQWUDWLRQ EHORZ ZKLFK

KLJK DOJDO GHDWK UDWH RFFXUV �DV SKRVSKRUXV�

��� PJ�O ��� QRQH

3+<72 ² 3$50

6((' FRQFHQWUDWLRQ RI SODQNWRQ QRW VXEMHFW WR DGYHFWLRQ

XQGHU KLJK IORZ FRQGLWLRQV

��� PJ�O ��� QRQH

0;67$< FRQFHQWUDWLRQ RI SODQNWRQ QRW VXEMHFW WR DGYHFWLRQ

DW YHU\ ORZ IORZ FRQGLWLRQV

��� PJ�O ��� QRQH

25() RXWIORZ DW ZKLFK FRQFHQWUDWLRQ RI SODQNWRQ QRW

VXEMHFW WR DGYHFWLRQ LV PLGZD\ EHWZHHQ 6((' DQG

0;67$<

������ IW��V

������ P��V

������

������

QRQH

QRQH

&/$/'+ FKORURSK\OO $ FRQFHQWUDWLRQ DERYH ZKLFK KLJK DOJDO

GHDWK UDWH RFFXUV

���� ���� QRQH

3+<6(7 UDWH RI SK\WRSODQNWRQ VHWWOLQJ ��� IW�KU

��� P�KU

���

���

QRQH

QRQH

5()6(7 UDWH RI VHWWOLQJ IRU GHDG UHIUDFWRU\ RUJDQLFV ��� IW�KU

��� P�KU

���

���

QRQH

QRQH

=22 � 3$50�

0=2($7 PD[LPXP ]RRSODQNWRQ XQLW LQJHVWLRQ UDWH ����� PJ

SK\WR�PJ ]RR�KU

����� QRQH

=),/�� ]RRSODQNWRQ ILOWHULQJ UDWH DW �� GHJUHHV & QRQH ��PJ ]RR�KU ����� QRQH

=5(6�� ]RRSODQNWRQ XQLW UHVSLUDWLRQ UDWH DW �� GHJUHHV & ������ ��KU ���(�� QRQH

=' QDWXUDO ]RRSODQNWRQ XQLW GHDWK UDWH ������ ��KU ���(�� QRQH

2;=' LQFUHPHQW WR XQLW ]RRSODQNWRQ GHDWK UDWH GXH WR

DQDHURELF FRQGLWLRQV

���� ��KU ���(�� QRQH

=22 � 3$50�

7&=),/ WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU ILOWHULQJ ���� ��� ���

7&=5(6 WHPSHUDWXUH FRUUHFWLRQ FRHIILFLHQW IRU UHVSLUDWLRQ ���� ��� ���

=(;'(/ IUDFWLRQ RI QRQUHIUDFWRU\ ]RRSODQNWRQ H[FUHWLRQ

ZKLFK LV LPPHGLDWHO\ GHFRPSRVHG ZKHQ LQJHVWLRQ

UDWH ! 0=2($7

��� ����� ���

=20$66 DYHUDJH ZHLJKW RI D ]RRSODQNWRQ RUJDQLVP ������ PJ�RUJ ���(�� ���

%(1$/ ² 3$50

0%$/ PD[LPXP EHQWKLF DOJDH GHQVLW\ �DV ELRPDVV� ����� PJ�P� ���� QRQH

&)%$/5 UDWLR RI EHQWKLF DOJDO WR SK\WRSODQNWRQ UHVSLUDWLRQ ��� ���� ���

&)%$/* UDWLR RI EHQWKLF DOJDO WR SK\WRSODQNWRQ JURZWK UDWH ��� ���� ���

7DEOH %���� �FRQWLQXHG�
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7DEOH %���� 5&+5(6 �5LYHU � 5HVHUYRLU 5HDFK�

6\PERO�'DWD

*URXS

'HILQLWLRQ 'HIDXOW

9DOXH�8QLWV

0LQLPXP

9DOXH

0D[LPXP

9DOXH

3/1. ² ,1,7

3+<72 SK\WRSODQNWRQ FRQFHQWUDWLRQ� DV ELRPDVV ����(�� PJ�O ���(��� QRQH

=22 ]RRSODQNWRQ FRQFHQWUDWLRQ ���� RUJ�O ���(�� QRQH

%(1$/ EHQWKLF DOJDH FRQFHQWUDWLRQ� DV ELRPDVV ���(�� PJ�P� ���(��� QRQH

251 GHDG UHIUDFWRU\ RUJDQLF QLWURJHQ FRQFHQWUDWLRQ ��� PJ�O ��� QRQH

253 GHDG UHIUDFWRU\ RUJDQLF SKRVSKRUXV FRQFHQWUDWLRQ ��� PJ�O ��� QRQH

25& GHDG UHIUDFWRU\ RUJDQLF FDUERQ FRQFHQWUDWLRQ ��� PJ�O ��� QRQH

3+&$5%

3+ ² 3$50�

3+&17 PD[LPXP QXPEHU RI LWHUDWLRQV XVHG WR VROYH IRU S+ �� � ���

$/.&21 QXPEHU RI WKH FRQVHUYDWLYH VXEVWDQFH XVHG WR

VLPXODWH DONDOLQLW\

� � ��

3+ � 3$50�

&)&,19 UDWLR RI FDUERQ GLR[LGH LQYDVLRQ UDWH WR R[\JHQ

UHDHUDWLRQ UDWH

����� ����� ���

%5&2���� EHQWKDO UHOHDVH RI &2
�
�DV FDUERQ� IRU DHURELF

FRQGLWLRQV

���� PJ�P��KU ���� QRQH

%5&2���� EHQWKDO UHOHDVH RI &2
�
IRU DQDHURELF FRQGLWLRQV ���� PJ�P��KU ���� QRQH

3+ � ,1,7

7,& LQLWLDO WRWDO LQRUJDQLF FDUERQ ��� PJ�O ��� QRQH

&2� LQLWLDO FDUERQ GLR[LGH �DV FDUERQ� ��� PJ�O ��� QRQH

3+ LQLWLDO S+ ��� ��� ����

7DEOH %���� �FRQWLQXHG�
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Nonpoint source modeling using BASINS requires the development of a Watershed Data Management
(WDM) file. The WDM file is a binary file containing time series data for all meteorological parameters
required by Hydrological Simulation Program - FORTRAN (HSPF) algorithms. Section B.2.1 provides a
summary of the general procedure required to develop WDM files. Section B.2.2 provides a description of
the specific procedures followed during the development of the WDM files provided with BASINS Version
2.0.
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1. Obtain meteorological data for the desired period. (See Section B.2.2 for meteorological data sources
used in the BASINS 2.0 WDM files.) BASINS requires data collected at hourly intervals for
nonpoint source modeling, although daily data can be converted to hourly data through the use of
METCMP (computer program for meteorological data generation - HSPF). If all meteorological
parameters are not available, METCMP can be used to calculate a number of parameters, including
potential evapotranspiration, evaporation, and solar radiation. BASINS currently supports the use of
standard U.S. units. The required input data and units are as follows:

'DWD 'HVFULSWLRQ 8�6� XQLWV

0HDVXUHG DLU WHPSHUDWXUH GHJ� )

0HDVXUHG SUHFLSLWDWLRQ LQ�KU

0HDVXUHG GHZSRLQW WHPSHUDWXUH GHJ� )

0HDVXUHG ZLQG PRYHPHQW PSK

0HDVXUHG VRODU UDGLDWLRQ /\�KU

&ORXG FRYHU �UDQJH� ����� WHQWKV

3RWHQWLDO HYDSRWUDQVSLUDWLRQ LQ�KU

3RWHQWLDO VXUIDFH HYDSRUDWLRQ LQ�KU

2. Convert the meteorological data into a format recognized by HSPF and its utility programs (a
sequential time series format is desirable). Data processing can be performed using a number of
methods. Due to the enormous size of meteorological data files, the development of FORTRAN
programs to extract and convert these data is recommended. Each meteorological parameter should
be contained in a unique file. The required sequential time series file formats for meteorological data
collected at hourly and daily intervals, as listed in the Hydrologic Simulation Program-FORTRAN
User’s Manual, are as follows:

Hourly data: 

1. Alphanumeric state PO code (this field is not read)

2. Station number or identifier (this field is not read)

3. Year

4. Month

5. Card no:
1 is for a.m. hours
2 is for p.m. hours

6. Twelve fields for hourly data

The default format is:  (A2, 1X, I4, 1X, I4, 1X, I2, 1X, I1, 12F5.2)
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Daily data:

1. Alphanumeric state PO code (this field is not read)

2. Station number or identifier (this field is not read)

3. Last 2 digits of the calendar year

4. Month

5. Card no:
1 is for days 1-10
2 is for days 2-20
3 is for days 21-

6. Ten fields, for the daily data ( eleven fields for card number 3)

The default format is:  (A2, I4, 1X, I2, A2, A1, 11F6.1)

Due to the nature of the HSPF model, every parameter but measured precipitation must have a value
for each record during the entire time period of the file. For measured precipitation, a value must be
present for every hour of each day precipitation was recorded. If data are missing, appropriate values
must be assigned.

3. Create a WDM file using ANNIE (computer program for interactive hydrologic data management -
see http://h2o.usgs.gov/software/annie.html) and declare the data sets into which time series data will
be imported. HSPF requires a unique data set for each meteorological parameter to be imported.
BASINS allocates 20 data set fields relating to specific meteorological parameters for each WDM
station. Using ANNIE, data sets in WDM files are designated by a unique number and other
pertinent information relating to the time series data field in which the data are imported. The
following list displays data sets and a brief description of the information contained in each data set,
for a template WDM file used to import both hourly and daily data sets for 10 WDM stations.
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'DWD VHW )LHOGV 'DWD VHW 'DWD VHW 1XPEHUV 'HVFULSWLRQ 3DUDPHWHU

� 35(& ����������������� KRXUO\ SUHFLSLWDWLRQ

� (9$3 ����������������� KRXUO\ HYDSRUDWLRQ

� $7(0 ����������������� KRXUO\ WHPSHUDWXUH

� :,1' ����������������� KRXUO\ ZLQGVSHHG

� 62/5 ����������������� KRXUO\ VRODU UDGLDWLRQ

� 3(97 ����������������� KRXUO\ SRWHQWLDO HYDSRWUDQVSLUDWLRQ

� '(:3 ����������������� KRXUO\ GHZSRLQW WHPSHUDWXUH

� &/28 ����������������� KRXUO\ FORXG FRYHU

� 70$; ����������������� GDLO\ PD[LPXP WHPSHUDWXUH

�� 70,1 ����������������� GDLO\ PLQLPXP WHPSHUDWXUH

�� ':1' ����������������� GDLO\ ZLQGVSHHG

�� '&/2 ����������������� GDLO\ FORXG FRYHU

�� '373 ����������������� GDLO\ GHZSRLQW WHPSHUDWXUH

�� '62/ ����������������� GDLO\ VRODU UDGLDWLRQ

�� '(97 ����������������� GDLO\ HYDSRWUDQVSLUDWLRQ

�� '(93 ����������������� GDLO\ HYDSRUDWLRQ

�� ³ ����������������� HPSW\

�� ³ ����������������� HPSW\

�� ³ ����������������� HPSW\

�� ³ ����������������� HPSW\

Data sets are numbered from 11 to 210. Note that all hourly information is listed in data fields 1 to 8.
These hourly values are used by HSPF algorithms. The remaining data fields (9 to 16) contain daily
time series data, as well as intermediate time series data used in the conversion of HSPF parameters.

4. Create the .inf file. The .inf file is used to relate information in the WDM file to the BASINS
Nonpoint Source Model (NPSM). Each WDM file is required to have an .inf file with exactly the
same name (only the extensions are different: .wdm versus .inf). The information required for the .inf
file includes the number of stations in the WDM file, various station information (state, name, ID #,
elevation, period of record, and the evaporation coefficient), and the data set numbers for each of the
meteorological parameters for each station. Refer to .inf files packaged with BASINS for the
standard format. Each state WDM file with BASINS has a corresponding .inf file located in the
BASINS\DATA\MET_DATA directory.

5. Create .uci files. These files are used to import meteorological data into the WDM file. They are
essentially HSPF input files which perform the import function. Refer to the Hydrologic Simulation
Program-FORTRAN User’s Manual for development of an input file for importing data into a WDM
file.

6. Import meteorological data from each file (which are currently in a sequential time series format)
into the corresponding WDM file data sets. This is done by running HSPF for each .uci file as
follows:

• Hourly precipitation data is imported into data sets denoted by PREC
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• Hourly evaporation data are imported into data sets denoted by EVAP

• Hourly temperature data are imported into data sets denoted by ATEM

• Hourly windspeed data are imported into data sets denoted by WIND

• Hourly solar radiation data are imported into data sets denoted by SOLR

• Hourly potential evapotranspiration data are imported into data sets denoted by PEVT

• Hourly dewpoint temperature data are imported into data sets denoted by DEWP

• Hourly cloud cover data are imported into data sets denoted by CLOU

• Daily maximum temperature data are imported into data sets denoted by TMAX

• Daily minimum temperature data are imported into data sets denoted by TMIN

• Daily total wind movement data are imported into data sets denoted by DWND

• Daily cloud cover data are imported into data sets denoted by DCLO

• Daily dewpoint temperature data are imported into data sets denoted by DPTP

• Daily solar radiation data are imported into data sets denoted by DSOL

• Daily potential evapotranspiration data are imported into data sets denoted by DEVT

• Daily evaporation data are imported into data sets denoted by DEVP

7. If all meteorological data are not in an hourly format, develop additional time series data required by
HSPF. This is done using METCMP (computer program for meteorological data generation - HSPF).
METCMP enables a user to disaggregate daily time series data into hourly time series data for
certain meteorological parameters, as well as calculate additional meteorological time series data
required by HSPF algorithms.
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WDM files, providing meteorological coverage for the United States and U.S. territories were prepared for
BASINS 2.0 through the following steps:

1. Data were obtained from the following sources.

a. Hourly observed precipitation data for the United States and U.S. territories were obtained from 
the National Climatic Data Center (NCDC) Hourly and Fifteen Minute Precipitation database,
compiled by EarthInfo, Inc. This four CD-ROM data set contains precipitation data from
NCDC’s TD-3240 file. Included in the database are over 6000 weather stations with recorded
precipitation for the general period of 1948-1995.

b. Hourly surface observation data for the United States and U.S. territories were obtained from
NCDC’s Solar and Meteorological Surface Observational Network (SAMSON) and Hourly U.S.
Weather Observations 1990-1995 (HUSWO) databases. SAMSON is a three CD-ROM data set
containing both observational and modeled hourly solar radiation data, as well as hourly cloud
cover, drybulb temperature, dewpoint temperature, and wind movement data from 237 NWS
stations for the period of 1961-1990. The HUSWO data set, contained on a single CD-ROM,
updates meteorological data from the SAMSON data set, excluding solar radiation data for the
period of 1990-1995. 

c. The remaining parameters—potential evapotranspiration, evaporation, and solar radiation (for
the period of 1991-1995)—were calculated using METCMP.

2. A coverage of  WDM weather stations for BASINS 2.0 was created in ArcView using latitude and
longitude coordinates from selected weather stations included in NCDC’s Hourly and Fifteen Minute
Precipitation database. These stations, which included the precipitation data, were then assigned
meteorological data from the set of NWS stations available from the SAMSON data set. The
selection of  weather stations used to create the WDM station coverage, as well as the assignment of
meteorological data to these stations, was performed in ArcView using an array of GIS coverages.
This was done to provide a spatially distributed coverage of the United States and U.S. territories,
based on information relating to annual rainfall, climatic divisions in the conterminous United States,
completeness of weather station data, elevation, physical divisions in the conterminous United
States, and proximity to NWS stations. A complete list of the ArcView coverages used in the
selection of  WDM weather stations is detailed in B.2.2.a. The resulting ArcView coverage consisted
of 477 WDM weather stations for the United States and U.S. territories. This coverage was then
divided by EPA regions. EPA regional coverage included WDM weather stations that closely
bordered the region or were contained within HUCs intersecting the region. A complete list of the
WDM stations is included in B.2.2.b.

3. The data were extracted and converted into a sequential time series format. 

a. Hourly precipitation data were extracted from the EarthInfo, Inc., NCDC Hourly and Fifteen
Minute Precipitation database by exporting data for individual stations into ASCII tabular
formatted files. These raw data were then preprocessed through a FORTRAN program for
conversion to a sequential file format. 
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Missing precipitation data were assigned appropriate values. A value of 0.0 was normally used
where no reading was available. 

Preprocessing also included the identification and editing of rainfall accumulation values within
the file. Rainfall accumulation values occurred where hourly precipitation values for a time
period were not recorded.

The following assumptions and corresponding actions refer to rainfall accumulation data.

• If an accumulation value was recorded for an accumulation period of � 24 hours, then the
accumulation value was divided by the number of hours in the period.

- If the resulting hourly value was � 0.01 in. and < 2.0 in., then each hour in the
accumulation period was given the resulting hourly value. The state code, station
identifier, accumulation period end date and hour, accumulation value, number of hours
in the accumulation period, resulting hourly value, and “Value Distributed” were listed
in a text file (BASINS\DATA\MET-DATA\<ST>.TXT).

- If the resulting hourly value was < 0.01 in., then each hour in the accumulation period
was given a value of 0.0 in. The accumulation value (which in all situations will be �

0.24 in.) was left unchanged, i.e. the original recorded accumulation value was used. The
state code, station identifier, accumulation period end date and hour, accumulation value,
number of hours in the accumulation period, resulting hourly value of 0.0 in., and
“Calculated Value < .01, Accumulated Value Reported” were listed in a text file
(BASINS\DATA\MET-DATA\<ST>.TXT).

- If the resulting hourly value was � 2.0 in., then each hour in the accumulation period was
given a value of 0.0 in. The accumulation value is additionally deleted from the record.
This prevented the existence of a large spike precipitation value in the data (which in all
situations was � 4.0 in. for the accumulation period). The state code and station
identifier number, the accumulation period end date and hour,  accumulation value,
number of hours in the accumulation period, and “Calculated Value > 2.0, Accumulated
Value Deleted” were listed in a text file (BASINS\DATA\MET-DATA\<ST>.TXT).

• If an accumulation value was recorded for an accumulation period of > 24 hours, then the
accumulation value was not distributed evenly over the accumulation period.

- If the accumulation value was < 2.0 in., then the value was not changed. The state code
and station identifier number, the accumulation period end date and hour, accumulation
value, number of hours in the accumulation period, and “Accumulation Interval > 24 hrs
and Observed Value < 2 Accumulated Value Reported” were listed in a text file
(BASINS\DATA\MET-DATA\<ST>.TXT).

- If the accumulation value was � 2.0 in., then the value was deleted from the record. The
state code and station identifier number, the accumulation period end date and hour,
accumulation value, number of hours in the accumulation period, and “Accumulation
Interval > 24 hrs and Observed Value > 2 Accumulated Value Deleted” were listed in a
text file (BASINS\DATA\MET-DATA\<ST>.TXT).
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b. Hourly meteorological data were extracted from NOAA’s Solar and Meteorological Surface
Observational Network (SAMSON) database by exporting the yearly data files for an individual
station from a CD ROM and unzipping them into an ASCII text file. These raw data were then
preprocessed through a FORTRAN program to organize the data into a sequential time series
format, convert the data into U.S. units, and calculate daily variables required by METCMP for
the estimation of  Solar Radiation (for the years 1991-95), Pan Evaporation, and Potential
Evapotranspiration.

Hourly data files included:

• ATEM average hourly air temperature
• WIND average hourly wind speed
• SOLR total hourly solar radiation
• DEWP average hourly dew point temperature
• CLOU average hourly cloud cover

Daily data files included:

• TMAX maximum daily air temperature
• TMIN minimum daily air temperature
• DWND total daily wind movement
• DSOL total daily solar radiation
• DPTP average daily dew point temperature
• DCLO average daily cloud cover

Due to the nature of the data, missing data was assigned the previously recorded value.

Data conversions included:

• ATEM and DEWP from (C to (F
• WIND from m/s to mph
• SOLR from Wh/m2 to Langleys (calories/cm2)

Data calculations included:

• TMAX from ATEM
• TMIN from ATEM
• DCLO from CLOU
• DPTP from DEWP
• DSOL from SOLR
• DWND from WIND

4. WDM, .inf, and .uci iles were created using the templates described in B.2.1 steps 4 and 5 and then
imported the data into WDM files as described in  B.2.1 step 6.

5. Once time series data for precipitation and other meteorological data were imported into WDM file
data sets, additional meteorological time series data were created. This was done using METCMP
(computer program for meteorological data generation - HSPF). METCMP enables a user to
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calculate additional meteorological time series data required by HSPF algorithms, as well as
disaggregate daily time series data into hourly time series data for certain meteorological parameters.

• Daily solar radiation for the period 1991-1995 was computed in METCMP using daily cloud
cover (DCLO) as an input. The daily solar radiation time series was placed in the DSOL data set.
The METCMP disaggregate function then was used to distribute daily solar radiation into hourly
values. Hourly solar radiation values were placed in the SOLR data set.

• Daily pan evaporation was computed using the Penman Method in METCMP. Required inputs
were:  daily maximum (TMAX) and daily minimum (TMIN) temperatures, daily dewpoint
temperature (DPTP), daily wind movement (DWND), and daily solar radiation (DSOL). Daily
evapotransporation was placed in the DEVP data set. Daily evaporation was distributed into
hourly values using the disaggregate function. Hourly evaporation values were placed in the
EVAP data set.

• Daily potential evapotranspiration was computed using the Hamon Method in METCMP.
Required inputs were:  daily maximum (TMAX)DQG GDLO\ PLQLPXP �70,1� WHPSHUDWXUHV�

'DLO\ evapotranspirationZDV SODFHG LQ WKH '(97 GDWD VHW� 'DLO\ SRWHQWLDO HYDSRWUDQVSLUDWLRQ

was distributed into hourly values using the disaggregate function. Hourly potential
evapotranspiration values were placed in the PEVT data set.
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• A coverage of cooperative network stations from NCDC’s Hourly and Fifteen Minute Precipitation
database data set created using latitude and longitude coordinates. The information in this coverage
includes:

Station ID# a cooperative network index number between 1-9999.
State the state’s 2 digit postal code.
Station name NCDC’s assigned station name.
Begin date first month, day, and year of the period of record.
End date last month, day, and year of the period of record.
Elevation meters above sea level (this was converted to feet).
Latitude in degrees and minutes (always North) (this was converted to decimal degrees).
Longitude in degrees and minutes (always west) (this was converted to decimal degrees).
Recorded years the number of years with recorded data (there may be gaps).
Percent coverage percent of the days between begin and end dates that have reported data.
Precipitation data a column denoting the database containing the hourly precipitation data. 
Relate column an empty column reserved for the ID# of the NOAA weather station containing

meteorological data that will be assigned to the station.

• A coverage of National Weather Service stations from NOAA’s Solar and Meteorological Surface
Observation Network (SAMSON) data set created  using latitude and longitude coordinates. The
information included in this coverage included:

Station ID# the stations Weather Bureau Army Navy number.
State the state’s 2 digit postal code.
Station name NCDC’s assigned station name.
Timezone lagged by universal time.
Elevation meters above sea level (this was converted to feet).
Latitude in degrees and minutes (always North) (this was converted to decimal degrees).
Longitude in degrees and minutes (always west) (this was converted to decimal degrees).
Evap data a column denoting the database containing the hourly evaporation data.
Temp data a column denoting the database containing the hourly temperature data.
Wind data a column denoting the database containing the hourly windspeed data.
Solar data a column denoting the database containing the hourly solar radiation data.
Pevt data a column denoting the database containing the hourly potential evapotranspiration
data.
Dew pt data a column denoting the database containing the hourly dew point temperature data.
Cloud data a column denoting the database containing the hourly cloud cover data.

• A coverage of the U.S. state boundaries provided by ESRI on-line ArcData (www.esri.com).

• A coverage of annual precipitation for North America provided by ESRI on-line ArcData
(www.esri.com). This data set was intended as a thematic data layer representing average annual
precipitation, in millimeters per year, for North America.

• A coverage of Climate Divisions provided by the National Climatic Data Center (NCDC). This coverage
was used to display seasonal maps of precipitation and temperature for the conterminous United States.
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• A coverage of Hydrologic Unit Boundaries and Codes provided by the National Climatic Data Center
(NCDC). This data set was used to display drainage basins for the conterminous United States.

• A coverage of Physiographic Divisions in the conterminous United States provided by the National
Climatic Data Center (NCDC). It was automated from Fennemans 1:7,000,000-scale map, "Physical
Divisions of the United States," which is based on eight major divisions, 25 provinces, and 86 sections
representing distinctive areas having common topography, rock types and structure, and geologic and
geomorphic history.

• A coverage of average annual runoff in the conterminous United States, 1951-1980 provided by the
National Climatic Data Center (NCDC). This coverage is intended as a thematic data layer representing
average annual runoff, in inches per year, for the conterminous United States. Appropriate maps of the
data can show the geographical distribution of runoff in tributary streams for the years 1951-80 and can
describe the magnitudes and variations of runoff nationwide. The data was prepared to reflect the runoff
of tributary streams rather than in major rivers in order to represent more accurately the local or small
scale variation in runoff with precipitation and other geographical characteristics.
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